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PREFACE 


8 


To the Firſt Edition. 


lowmg obſervations and experiments were not drawn up 
with a view to their being made publick, but were com- 
municated at different times, and moſt of them m letters wrote 
on various topicks, as matters only of private amuſement. _ 
But ſome perſons to whom they were read, and who had 
themſelves been converſant in electrical diſquifitions, were of 
opinion, they contained ſo many curious and intereſting particu- 
lars relative to this affair, that it would be doing a kind of in- 
' Juſtice to the public, to confine them ſolely to the limits of a 
private acquaintance. | | x 
The Editor was therefore prevailed upon to commit ſuch ex- 
tracts of letters, and other detached preces as were in his hands 
to the preſs, without waiting for the ingenious author's per- 
miſſion ſo to do; and this was done with the leſs heſitation, as 
it was apprehended the author's engagements in other affairs 
would ſcarce afford him leiſure to give the publick his reflecti- 
ons and experiments on the ſubect, finiſhed with that care and 
precifion, of which the treatiſe before us ſhews he is alike ſtudi- 


ous and capable. | 


1 may be neceſſary to acquaint the Reader, that the fol. 


The experiments which our author relates are moſt of them 
peculiar to himſelf”; they are conducted with judgment, and the 


mnferences from them plain and concluſive ; though ſometimes © 


propoſed under the terms of ſuppoſitions and conjettures. 

And indeed the ſcene he opens, ſtrikes us with a pleafing 
aſtoniſhment, while he conducts us & A train of fatts and ju- 
dicious refletions, to a probable. kauſe of thoſe phenomena, 
which are at once the moſt awful, and, hitherto, accounted for 
writh the laſt veriſimilitude. : 
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He exhibits to our conſideration, an inviſible, ſubtle matter, 
alſſeminated through all nature in various proportions, equally 
unobſerved, and, whilſt all thoſe bodies to which it peculiarly: 
adheres are alike charged with it, inoffenſiue. . TT | 
Hie. ſhews, however, that if an unequal diſtribution is by any 
means brought about; if there is a coacervation in one part . 
ſpace, a leſs proportion, vacuity, or want, in another ;: by the 
near approach of a body capable of conducting the coarervated- 
q part to the emptier ſpace, is becomes perhaps the moſt formid- 
able and ne agent in the univerſe. Animals are in an 
mftant flruck breathleſs, bodies almoſt impervious by any force , 
yet known, are perforated, and metals fuſed by it, in a mo- 4 
ment. |. ae | 9 
From the fimilar effetts of lightning and electricity, our au- = 
thor has been led to make ſome probable conſectures on the cauſe 
of the former; and, at the ſame time, to propoſe ſome rational 
| experiments in order to ſecure ourſelves, and thoſe things on 
OE: which its force is often directed, from its pernicious effefts ; a: 
circumſtance of no ſmall importance to tbe publick, and there-- 
fore wortby of the utmoſt attention. 
If has, indeed, been of late the faſhion to aſcribe every grand: 
or unuſual operation of nature, ſuch as lightning and earth-. 
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; quakes, to electricity; not, as. one would imagine from the 3 
manner of reaſoning on theſe occaſions, that the authors of 2 

theſe ſchemes have diſcovered any connection betwixt the cauſe - 1 

and effect, or ſaw in what manner they were related; but, as- = 

it would ſeem, merely becauſe they were unacquainted with an, 

ather agent, of which it could not poſitively be faid the connec-- I 

ion was impoſſible. FVV } 
But of theſe, and many other intereſting carcumſtances, the. 1 

b reader will be more ſatisjattorily informed in the following =_ 
1 * ſetters, to which be is thergfore referred by By = : 


The EDIT O R. 


7 
* 1 
* „ 


ess 


N "T4 %. NN 
225, 3, add, See plate II. „ | 


E R R A 1 T A. | * 


JAGEr3, 7 Lin 8, for, at top. dh atethe top. 1 


W. 
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containing lo much water, are, more ready, 

conductors. eee, 

62——10 fer wrote, 7 cad written. dd d LAN 

73.— 10, for prevades, read, pervadesss = 
 96,— 7, from the bottom: add, (page 5 rot this Edie?” 1 

127,—22, for, diſcoveries, you read.dij Weries, y you. 0 

134. 2, fer Lyden, read Leyden, 1 N = 

1415, 


I 1857 A * 
20, for give it a ſhock, read, give a _ 
143.— 11, for experimen, read, experiment. 
158.22, for they, read, you 
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A o 1 5, for infenſibly, read, infenſibly. e 
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ee Pr for by frequent, read, by the frequent. . W A 
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| In numbering of the pages, 112, 11 35 are repeated; as are alſo? 
pages 465 to 472, 


ADV ERTISEMENT 


Ci oncerning this Fourth Edition. 


at different Times in the Philoſophical Tranſac- 


| tions of the Royal Society, or in the Magazines, 


or printed in ſeparate Pamphlets, are collected 
and added to this Edition ; together with a Num- 


ber of others on various Subjects, never before 
printed, that have paſſed between the Author and 
his Friends. Many Errors in the preceding Edi 
tions, are now corrected; ſome of the Letters, 
which had been tranſpoſed, are reſtored to their 
proper places; and ſundry Paſſages are more ful- 
ly explained by Notes. There is alſo added, a 


compleat Index to the whole. 


* L the Philoſophical Letters and Papers of 
the ſame Author, that have been inſerted 
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4 | By NJ. F RA N KLIN, Eſa; at Philadelphia, | 
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„ 5 
PETER CoLLinsoN, Eſq; F. R. 8. London. 


Philadelphia, March 28, 1747. 


0 UR kind preſent of an electric tube, 
| \ with directions for ufing it, has put ſe- 
veral of us on making electrical expe- 
riments, in which we have obſerved 
| ſome particular phznomena that we 
1 8 ; look upon to be new. I ſhall, there- 
= _ fre communicate them to you in my next, though poſ- 
$ - ſibly, 


2 Wem Experiments and 


ſibly they may not be new to you, as among the numbers 
daily employed in thoſe experiments on your fide the wa- _—_ 
ter, tis probable ſome one or other has hit on the ſame ob- 9 
ſervations. For my own part, I never was before engaged 
in any ſtudy that ſo totally engroſſed my attention and my 1 
time as this has lately done; for what with making expe- 5 
riments when I can be alone, and repeating them to my 
Friends and Acquaintance, who, from the novelty of [the 
thing, come continually in crouds to ſee them, I have, du- 
ring ſome months Mr aa little 3 for any, thing elſe. 
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. E T 'T E R II. 


FROM 


Mr Ben J. F RANKLIN, in Philadelphia, 


| | 10 | 
Parrn ColLIxsox, Eſq; F. R. S. London. 


S 12 3 Fru 11, 1747. 

. my laſt I informed you that, in purſuing our electri- 
cal enquiries, we had obſerved ſome particular Phæno- 

mena, which we looked upon to be new, and of which I 


_ promiſed to give you ſome account, though I apprehended 
they might poſſibly not be new to you, as ſo many hands 
are daily employed in electrical experiments on your fide 


the water, ſome or other of which would probably hi on 
the ſame obſervations. 
The firſt is the wonderful effect of pointed bodies, both in 
drawing off and throwing off the electrical fire. For example, 
Place an iron ſhot of three or four inches diameter on the 


mouth of a clean dry glaſs bottle. By a fine filken thread 


from the cieling, right over the mouth of the bottle, ſuſ- 
pend a ſmall cork-ball, about the bigneſs of a marble; the 
B+: : | thread 


0 


$ | r». Experiments and 
thread of fach a length, as that the e may reſt 


evainſt the fide of the ſhot. Electrify the ſhot,” and the 


ball will be repelled to the diſtance of four or five inches, 
more or leſs, according to the quantity of Electricity. 
When in this ſtate, if you preſent to the ſhot the point of 
a long flender ſharp bodkin, at fix or eight inches diſtance, 

the repellency 1s inſtantly deſtroy'd, and the cork flies to 
| the ſhot. A blunt body muſt be brought within an inch, 

and draw a ſpark, to produce the ſame effect. To prove 
that the electrical fire is drawn of by the point, if you take 


the blade of the bodkin out of the wooden handle, and fix 
it in a ſtick of ſealing-wax, and then preſent it at the diſ- 


tance aforeſaid, or if you bring it very near, no ſuch effect 
follows ; but fliding one finger along the wax till you 
touch the blade, and the ball flies to the ſhot immediately. 
If you preſent the point in the dark, you will ſee, ſome- 
times at a foot diſtance, and more, a light gather upon it, 
like that of a fire-fly, or glow- worm; the leſs ſharp the 
point, the nearer you muſt bring it to obſerve the light; 
and at whatever diſtance you ſee the light, you may. draw 
off the electrical fire, and deſtroy the repellency.—If a 
cork- ball ſo ſuſpended be repelled by the tube, and a point 
be preſented quick to it, tho" at a conſiderable diſtance, 
tis ſurprizing to ſee how ſuddenly it flies back to the tube. 
Points of wood will do near as well as thoſe of iron, provi- 
ded the wood is not dry; for perfectly dry wood will no 
more conduct Electricity than ſealing- wax. | 
9411 A | FUDGE Hs 254 To 
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Os ſervations on ELxCTRIcT rv. 5 
To ſhew that points will Tro of * as well as draw of 
the electrical fire; lay a long ſharp needle upon- the ſhot, 
and you cannot electriſe the ſhot, ſo as to make it repel the 
cork-ball ꝙ. Or fix a needle to the end of a ſuſpended gun- 
barrel, or iron-rod, ſo as to point beyond it like a little 
bayonet ; and while it remains there, the gun-barrel, or 
rod, cannot by applying the tube to the other end be elec- 


triſed ſo as to give a ſpark, the fire continually running out 
ſilently at the point. In the dark you may ſee it make the 


ſame appearance as it does in the caſe before- mentioned. 
The repellency between the cork- ball and the ſhot is 
likewiſe deſtroy'd. - 1. By ſifting fine ſand on it; this 
does it gradually. 2. By breathing on it. 3. By making 
a ſmoke about it from burning wood 4. 4. By candle light, 
even though the candle is at a foot diſtance : theſe do it 


ſuddenly.—The light of a bright coal from a wood fire; and 


* This power of points to threw of the electrical fire, was firſt com- 
municated to me by my ingenious friend Mr Thomas Hopkinſon, ſince 
deceaſed, whoſe virtue and integrity, in every ſtation of life, public and 
private, will ever make his Memory dear to thoſe who knew him, and 
knew how to value him. | N | £2 


+ This was Mr Hephinſon's Experiment, made with an expectation of 


| drawing a more ſharp and powerful ſpark from the point, as from a kind 
of focus, and he was ſurprized to find little or none. 5 E cs 


. We ſuppoſe every particle of ſand, moiſture, or ſmoke; being firſt at- 
tracted and then repelled, carries off with it a portion of the electrical fire; 


but that the ſame ſtill ſubſiſts in thoſe particles, till they communicate it 


to ſomething elſe, and that it is never really deftroved. ——So when 
water is thrown on common fire, we do not imagine the element is thereby _ 
deſtroyed or annihilated, but only diſperſed, each particle of water carrying 
off in vapour its portion of the fire, which it had attracted and attached to 


the 


6 New Experiments and 
the light of red-hot iren do it likewiſe ; but not at fo great 
2a diſtance. Smoke from dry rolin dropt on hot iron, does 
not deſtroy the repellency ; but is attracted by both ſhot 
and cork-ball, forming proportionable atmoſpheres round 
them, making them look beautifully, ſomewhat like ſame 
of the figures in Burnet's or I hiſtan's theory of the earth. 

N. B. This experiment ſhould be made in a cloſet, 
where the air is very till, or it will be apt to fail. 
The light of the ſun thrown ſtrongly on both cork and 

ſhat by a looking-glaſs for a. long time together, does not 
impair the repellency in the leaſt, This difference between 
fire-light and ſun-light is another thing that ſeems new 

and extraordinary to us *. 
We had for ſome time been of opinion, chat he eleQri- 

cal fire was not created by friction, but collected, being 
really an element diffus'd among, and attracted by other 
matter, particularly by water and metals. We had even 
diſcovered and demonſtrated its aflux to the electrical 
ſphere, as well as its efflux, by means of little light wind- 
mill wheels made of ſtiff paper vanes, fixed obliquely and 

turning freely on fine wire axes. Alſo by little wheels of 
the ſame matter, but formed like water-wheels. Of the 


This different Effect probably did not FT from any difference in 
| ht, but rather from the particles ſeparated from the candle, being firſt 
Nees and then repelled, carrying off the electrie matter, with them; 
and from the rarefying the air, between the glowing coal or red-hot iron, 
and the electriſed ſhot, through oy rarified air the electric fluid could 


more teadily paſs. di 


Obſervations on F.LECTRICITY, 7 
diſpoſition and application of which wheels, and the various 
phænomena reſulting, I could, if I had time, fill you, a 
ſheet +. The impoffibility of electriſing one's ſelf (thotgh 
ſtanding on wax) by rubbing the tube, and drawing the 
fire from it; and the manner of doing it, by  pafling the 
tube near a perſon or thing ſtanding on the floor, &c. had 
alfo occurred to us ſome months before Mr Watſon's inge- 
nious Sequel came to hand, and theſe were ſome of the 
new things I intended to have communicated to you.— 
But now I need only mention ſome particulars not hinted 
in that piece, with our reaſonings thereupon ; though per- 
haps the latter might well enough be ſpared. 

1. A perſon ſtanding on wax, and rubbing the tube, and 
another perſon on wax drawing the fire, they will both of 
them, (provided they do not ſtand ſo as to touch one atio- 
ther) appear to be electriſed, to a perſon Randing on the 
floor ; that is, he will perceive a ſpark on approaching each 
of them with his knuckle. _ „ 1 
2. But if the perſons on wax touch one another during 
the exciting of the tube, neither of them will appear to bo 
electriſed. 1 e | | 
3. If they touch one another after exciting the tube, 
and drawing the fire as aforeſaid, there will be a ſtronger 


+ Theſe experiments with the wheels were made and communicated to 
me by my worthy and ingenious friend Mr Philip Syng ; but we after- 
wards diſcovered that the motion of thoſe wheels was not owing to any af- 
flux or efftax of the electrie fluid, but to varfous circumſtances of attraction 


ſpark 


and repulſion. 1750. 


8 Mew Experiments and 
ſpark between them, than was between either of them and 
the perſon on the floor. 

4. After ſuch ſtrong ſpark, neither of them diſcover 
any electricity. 

Theſe appearances we attempt to account for thus: We | 
ſuppoſe, as aforeſaid, that electrical fire is a common ele- 
ment, of which every one of the three perſons abovemen- 
tioned has his equal ſhare, before any operation is begun 
with the tube. A, who ſtands on wax and rubs the tube, 
collects the electrical fire from himſelf into the glaſs ; and 
his communication with the common ſtock being cut off 
by the wax, his body is not again immediately ſupply'd. 
B, (who ſtands on wax likewiſe) paſſing his knuckle along 
near the tube, receives the fire which was collected by the 
glaſs from 4; and his communication with the common 
ſtock being likewiſe cut off, he retains the additional quan- 
tity received. To C, ſtanding on the floor, both appear 
to be electriſed: for he having only the middle quantity 
of electrical fire, receives a ſpark upon approaching B, who 
has an over quantity; but gives one to A, who has an un- 
der quantity. If A and B approach to touch each other, 
the ſpark is ſtronger, becauſe the difference between them 
is greater : After ſuch touch there is no ſpark between ei- 
ther of them and C, becauſe the electrical fire in all is re- 
duced to the original equality. If they touch while elec- 
triſing, the equality is never deſtroy' d, the fire only circu- 
lating. Hence have ariſen ſome new terms among us: 
we ſay, B, _ bodies like circumſtanced) is electriſed 


Pofittvely ; 


_ Olervations on ELRCTRICIr v. 9 
poſtively; A, negatively. Or rather, B is electrifed plus; 
A, minus. And we daily in our experiments eleQriſe 
bodies plus or minus, as we think proper.— To electriſe 
plus or minus, no more needs to be known than this, that 
the parts of the tube or ſphere that are rubbed, do, in the 
inſtant of the friction, attract the electrical fire, and there- 
fore take it from the thing rubbing: the ſame parts imme- 
diately, as the friction upon them ceaſes, are diſpoſed to 
give the fire they have received, to any body that has leſs. 
Thus you may circulate it, as Mr Watſon has ſhewn; you 
may alſo accumulate or ſubtract it upon, or from any body, 
as you connect that body with the rubber or with the re- 
ceiver, the communication with the common ſtock being 
cut off. We think that ingenious gentleman was deceived 
when he imagined (in his Sequel) that the electrical 
fire came down the wire from the cieling to the gun- 
barrel, thence to the ſphere, and ſo electriſed the machine 
and the man turning the wheel, Sc. We ſuppoſe it was 
driven off, and not brought on through that wire; and that 
the machine and man, &c. were electriſed minus; 7. e. had 
leſs electrical fire in them than things in common. 

As the veſſel is juſt upon failing, I cannot give you ſo 
large an account of American Electricity as J intended: 1 
ſhall only mention a few particulars more. We find gra- 
nulated lead better to fill the phial with, than water, being 
eaſily warmed, and keeping warm and dry in damp air. |, 
We fire ſpirits with the wire of the phial.— We light 
candles, juſt blown out, by drawing a ſpark among the 
R | Imoke 


— - 


10 ew 8 and. 
{ſmoke between the wire and ſnuffers. — We repreſent 
lightning, by paſſing the wire in the dark, over a china 


plate that has gilt flowers, or applying it to gilt frames of 


looking-glaſſes, Cc. We electriſe a perſon twenty or 
more times running, with a touch of the finger on the 
wire, thus: He ſtands on wax. Give him the electriſed 
bottle in his hand. Touch the wire with your finger, and 
then touch his hand or face ; there are ſparks every 
time *. We increaſe the force of the electrical kiſs vaſtly, 


thus: Let A and B ſtand on wax; or A on wax, and B 


on the floor; give one of them the ele&riſed phial in 
hand; let the other take hold of the wire; there will be a 
ſmall ſpark; but when. their lips approach, they will be 
ſtruck and ſhock d. The fame if another gentleman and 
lady, C and D, ſtanding alſo on wax, and joining hands 
with A and B, ſalute or ſhake hands. We ſuſpend by 


fine ſilk thread a counterfeit ſpider, made of a ſmall piece 


of burnt cork, with legs of linnen thread, and a grain or 
two, of lead ftuck in him, to give him more weight. Upon 


the table over which he hangs, we ſtick a wire upright, as 
high as the phial and wire, two or three inches from the 


ſpider: then we animate him, by ſetting the electrified 
phial at the ſame diſtance on the other ſide of him; he 
| will immediately fly to-the n of the phial, bend his legs 


© ®. By taking a ſpark tom the wire, the electricity . the bottle is 
Jiminiſhed ; — outſide of the bottle then draws ſome: from the perſon 
holding it, and leaves him in the negative ſtate. Then when his. hand or 
face is touch'd, an __ quantity is reſtored to him from the perſon touch- 
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Osſervatioms on ELECTRICITY. 11 
in touching it; then ſpring off, and fly to the wire in the 
table; thence again to the wire of the phial, playing with 
his legs againſt both, in a very entertaining manner, ap- 
pearing perfectly alive to perſons unacquainted. He will 
continue this motion an hour or more in dry weather. We 
electrify, upon wax in the dark, a book that has a double 
line of gold round upon the covers, and then apply a 
knuckle to the gilding; the fire appears every where upon 
the gold like a flaſh of lightning: not upon the leather, 


nor, if you touch the leather inſtead of the gold. We rub. 


our tubes with buckſkin, and obſerve always to keep the 
ſame fide to the tube, and never to ſully the tube by hand- 


ling; thus they work readily and eafily, without the leaſt. 
_ fatigue, eſpecially if kept in tight paſteboard caſes, lined 


with flannel, and fitting cloſe to the tube *. This I men- 


tion becauſe the European papers on Electricity, frequently 
ſpeak of rubbing the tube, as a fatiguing exerciſe, Our 


| ſpheres are fixed on iron axes, which paſs through them. 


At one end of the axis there is a ſmall handle, with whiclr 
you turn the ſphere like a common grindſtone. This we 


find very commodious, as the machine takes up but little 


room, is portable, and may be encloſed in a tight box, when 
not in uſe. Tis true, the ſphere does not turn fo ſwift as 
when the greatwheel i is uſed: but ſwiftneſswe think of little 


importance, fince a few turns will charge the phial, &c. 


ſufficiently f. Ian, G. B. FRANKLIN. 


Our whe are made 1 of een laſs, 27 or 20 nail long, as "Wi 
as can be graſped, Er Roan a n 


+ This ſimple * machine was a contrivance of Mr Syng's. 
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- 1 = | 5 Sept. 1, 1747. 3 | 
HE 3 trouble of copying long letters, which, 9 
j perhaps, when they come to your hands, may con- 
..- | tain nothing new, or worth your reading, (ſo quick is the 2 
progreſs. made with you in Electricity) half diſcourages 3 
me from writing any more on that ſubject. Vet I cannot ; 
forbear adding a few obſervations on M. Tn s 
wonderful bottle. 
_ 1. The non- electric contain 41 in _ bottle differs when 
6 electriſed from a non- electric electriſed out of the bottle, in 
| this: that the electrical fire of the latter is accumulated on I 
28/70 | its ſurface, and forms an electrical atmoſphere round it ß 
. 21 kg == con- Z 
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Ob ſervations on ELECTRICI Tv. T 35 
conſiderable extent; but the electrical fire is crowded into 
the ſubſtance of the former, the glaſs confining it *. 

2. At the ſame time that the wire and top of the bot- 
tle, &c. is electriſed pgſtively or plus, the bottom of the 
bottle is electriſed negatively or minus, in exact propor- 
tion: 1. e. whatever quantity of electrical fire is thrown 


in at top, an equal quantity goes out of the bottom . To 


underſtand this, ſuppoſe the common quantity of electri- 
city in each part of the bottle, before the operation begins, 
18 equal to 20 ; and at every ſtroke of the tube, ſuppoſe a 
quantity equal to 1 is thrown in; then, after the firſt 
ſtroke, the quantity contain'd in the wire and upper part 


of the bottle will be 21, in the bottom 19. Aﬀter the 


ſecond, the upper part will have 22, the lower 18, and 


ſo on, till, after 20 ſtrokes, the upper part will have a quan- 
tity of electrical fire equal to 40, the lower part none: 


and then the operation ends: for no more can be thrown 
into the upper part, when no more can be driven out of the 
lower part. If you attempt to throw more in, it 1s ſpued 
back through the wire, or fies out in loud cracks through 


the ſides of the bottle. | | | | 

3. The equilibrium cannot be ee in the bottle by. 
inward. communication or contact of the parts ; but it 
muſt be done by a communication form'd woithout the 


* See this opinion rectified in Letter IV, $ 16 and 17. The fire in 
the bottle was found by ſubſequent experiments not to be contained in the 


non- electric, but in the glaſs. 1748. 
+ What is ſaid here, and br es of the top and bottom of the bottle, is 


| true of the _ de and outſide furſaces, and ſhould have been fo expreſſed. 
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14 Mew Experiments and | 
bottle between the top and bottom, by ſome non- electric, 
touching or approaching both at the ſame time ; in which 


caſe it is reſtored with a violence and quickneſs inexpreſſi- 


ble; or, touching each alternately, in which caſe the equi- 


| librium is reſtored by degrees, 


4. As no more electrical fire can be thrown into the 


top of the bottle, when all is driven out of the bottom, 


ſo in a bottle not yet eleariſed, none can be thrown into 
the top, when none can get out at the bottom; which 
happens either when the bottom is too thick, or when 
the bottle is placed on an electric per ſe. Again, when 


the bottle is electriſed, but little of the electrical fire can 


be drawn out from the top, by touching the wire, unleſs 
an equal quantity can at the fame time ge? 77 at the bot- 
tom . Thus, place an electriſed bottle on clean glaſs or 


dry wax, and you will not, by touching the wire, get out 
the fire from the top. Place it on a non, electric, and 
touch the wire, you will get it out in a ſhort time; but 


ſooneſt when you form a direct communication as above. 


So wonderfully are theſe two ſtates of Electricity, the 
plus and minus, combined and balanced in this miraculous 
bottle! fituated and related to each other in a manner that 


T can by no means comprehend ! If it were poſlible that a 
bottle ſhould in one part contain a quantity of air ſtrongly 
compreſt, and in another part a perfect vacuum, we know 


the equilibrium would be inftantly reſtored wirbin. But 


_ See the preceding note, relating to tap and bottom. 
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Obſervations on ELRCTRICIrr. 1 8 


here we have a bottle containing at the ſame time a plenum 
of electrical fire, and a vacuum of the ſame fire; and yet 


the equilibrium cannot be reſtored between them but by 


a communication without! though the plenum preſſes vio- 
lently to expand, and the hungry vacuum ſeems to attract 
as violently in order to be filled. 

5. The ſhock to the nerves (or convulſion rather) is oc- 


caſioned by the ſudden paſſing of the fire through the 


body in its way from. the top to the bottom of the bottle. 
The fire takes the ſhorteſt courſe, as Mr Watſon juſtly 
obſerves : But it does not appear from experiment that 
in order for a perſon to be ſhocked, a communication 
with the floor is neceſſary : for he that holds the bottle 


with one hand, and touches the wire with the other, will 


be ſhock'd as much, though his ſhoes be dry, or even 
ſtanding. on wax, as otherwiſe. And on the touch of 
the wire (or of the gun-barrel, which is the ſame thing) 

the fire does not proceed from the touching finger to the 
wire, as is ſuppoſed, but from the wire to the finger, 
and paſſes through the body to the other * and ſo into 


** 


| ExPERIMENTS confirming n+. 


i EXPERIMENT I. 
** an electriſed phial on wax; a ſenall cork-ball 


ſuſpended by a dry $ilk-thread: held in your hand, and 


brought 


repelled 
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brought near to the wire, will firſt be attracted, and then 


hand, that the ball may be brought towards the bottom of 
the bottle ; it will be there inſtantly and Trovgly attracted, 
*till it has parted with its fire. | 
If the bottle had a peſibi ve electrical 1 as ll 


as the wire, an electrified cork would be nope lled from one 


done by a a yinegar cruet, or ſome ſuch belly'd botile.) As 


As. well, bank the other. 


EXPERIMENT II. 
"Bic I 0. 5 5 F rom a bent Wire (a) Ricking 3 in the table, let 


8 
* 


lr 


the clectriſed phial 5 
peatedly., "th your finger, and at every touch you will ſee 
the thread Inſtantly attracted by the bottle. (This is beſt 


ſoon as vou draw any fire out from the upper part, by 


touching the wire, the lower part of the hou draws an 
equal aua in oy, the thread. 


Fic. 2. Fix a wire in the lead, with which the bottom 
of the bottle is armed (4) ſo as that bending upwards, its 
ring· end may be level with the top or ring- end of the wire 
in the cork (e), and at three or four inches diſtance. Then 
electriciſe the bottle, and place it on wax. If a cork ſuſ- 
pended by a filk thread (/) hang between theſe two wires, 
it will play inceſſantly from one to the other, till the bottle 


: when in this ſtate of repellency, ſink your 


Touch the wire e of che phial te- 


Obs ſervations on Euecrrrermy, 17 


is no longer electriſed; that is, it fetches and carties fire 
from the top to the bottom“ of the bottle, a the in 


bum is reſtored. | 
| EXPERIMENT IV. 


"You 8. 3. Place an electriſed phial on wax; take a wire 


0 in form of a C, the ends at ſuch a diſtance when bent, 


as that the upper may touch the wire of the bottle, when 
the lower touches the bottom: ſtick the outer part on a 


ſtick of ſealing-wax (5), which will ſerve as a handle; 


then apply the lower end to the bottom of the bottle, 
and gradually bring the upper end near the wire in the 


cork. The conſequence is, ſpark follows ſpark till the 
equilibrium is reſtored. Touch the top firſt, and on ap- 
proaching the bottom with the other end, you have a con- 
ſtant ſtream of fire from the wire entering the bottle. 


Touch the top and bottom together, and the equilibrium 


will inſtantly be ec the crooked wire forming the 
communication. = 


EXPERIMENT v. 


0 4. Let a ring of thin lead, or paper, ſurround a 
bottle (i) even at ſome diſtance from or above the bottom. 
From that ring let a wire proceed up, till it touch the 
wire of the cork (A). A bottle ſo fixt cannot by any means 
og ear: the equilibrium is never inn for 
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18 Neu Enperimonts and 
while the communication between the upper and lower 
parts of the bottle is continued by the outſide wire, the 


fire only circulates : what is driven out at bottom, is con! 


ſtantly ſupply d. from the top . Hence a bottle cannot 


be electriſed that is foul or moiſt on the outhde, if uch | 
: moiſture continue bp. to the- cork or Wire. 1 5 


c £ 


: EXPERIMENT. vi. 

Hiace a man on a cake of wax, and preſent bim the wire 
of the eleQtrified phial to touch, you ſtanding on the floor, 
and helding it in your hand. As often as he touches it, he 
will be eleQrified plus ; and any one ſtanding on the floor 
may draw a ſpark. from him. The fire in this experiment 
paſſes out of the wire into him; and at the ſame time out 
of 79 hand into the bottom of the bottle. 


EXPERIMENT VII. 
Give — 10 the electrical phial to hold; and do 8 Woch 


the wire as often as you touch it he will be electrified 


minus, and may draw a ſpark from any one ſtanding on 
the floor. The fire now paſſes from the wire to you, and 
n of the bottle. 


EXPERIMENT. 5 5 


* two books on two glaſſes, back towards back, two 


or three. inches diſtant. Set the electrified phial on one, 
and then Wach the wire ; that book will be an 


. be the he preceding note. 
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Obſervations on ELECTRIC v. 19 
minus ; the electrical fire being drawn out of it by the bot- 
tom of the bottle. Take off the bottle, and holding it in 


-Your hand, touch the other with the wire ; that book will 


be electriſed plus; the fire paſſing into it from the wire, 
and the bottle at the ſame time ſupplied from your hand. 
A ſuſpended ſmall cork-ball will play rei theſe books 
*rill the Mgr rn is reſtored. n 


| EXPERIMENT. IX. | 
When a body is electriſed plus, it will repel an electriñed 


feather or ſmall cork-ball, When minus (or when in the 


common. ſtate) it will attract them, but ſtronger when minus 
than when in the common ſtate, the difference ben e. 


"EXPERTMENT * 


Thoogh, as in Experiment VI. a man ag a on wax 
may be electriſed a number of times by repeatedly touching 
the wire of an electriſed bottle (held in the hand of one 
ſtanding on the floor) he receiving the fire from the wire 
each time : yet holding it in his own hand, and touching 
the wire, though he draws.a ſtrong ſpark, and is violently 
ſhocked, no Electricity remains in him; the fire only paſ- 
ſing through him, from the upper to the lower part of the 


bottle. Obſerve, before the ſhock, to let ſome one on the 


floor touch him to reſtore the equilibrium in his body ; ; 
for i in taking. hold of the bottom of the bottle, he ſome- 
times becomes a little electriſed minus, which will continue 


alter * ſhock; as would: alſo any plus * which 
D 2 he 


20 Mew 3 and 


he might have given him before the ſhock. For or, 3 
the equilibrium in the bottle, does not at all affect the E- 
lectricity in the man through whom the fire rens . 
ae is neither increaſed nor „ of 


EXPERIMENT, = * _ 

The paſling of the electrical fire from the upper to the 
lower part* of the bottle, to reſtore the equilibrium, is ren- 

| dered ſtrongly viſible by the following pretty experiment. 

Take a book whoſe covering is filletted with gold ; bend 

a wire of eight or ten inches long, in the form of (ny | $ 
Fig. F. flip it on the end of the cover of the book, over 
the gold line, ſo as that the ſhoulder of it may preſs Upon? 1 
one end of the gold line, the ring up, but leaning towards | 3 
the other end of the book. Lay the book on a glaſs or wax, 9 
and on the other end of the gold lines ſet the bottle elec- 
triſed; then hend the ſpringing wire, by preſſing it with 2 
tick of wax till its ring approaches the ring of the bottle Z 
wire, inſtantly there i is a ſtrong ſpark and ſtroke, and the 3 
whole line of gold, which completes the communication, 44 A 

| between the top and bottom of the bottle, will appear a 
Wil vivid flame, like the ſharpeſt lightning, The cloſer the 
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and the eld at the. other end, the better the experiment 
ſucceeds; The room ſhoutd, be darkened. If you would 1 
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Obſervations on ELECTRIC Tv. 21 
have the whole filletting round the cover appear in fire at 
onee, let the bottle and wire touch the gold i in the —_ 

| =_ 1 corners. 
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$7 Ip HERE will be ** 9 exploſio ion * ſhock. 
if the electrified phial is held in one hand by 
the hock, and the coating touch'd with the wry as when 
. held by the coating, and touch'd at the Rook: = wi 5 
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2, To take the charg d phial ſafely by the . and; | 


not at the ſame time diminiſh its force, it muſt Ad be i, 


down on an electric per ſe. | 
3. The phial will be electrified as n if beld wa 


the hook, and the coating apply'd to the globe or tube ; 


as when-hetd by the coating, and the hook apply'd . 

4. But the direction of the electrical fire being different 
in the charging, will alſo be different in the exploſion, 
The bottle charged through the hook, will be di {charged 
through the hook ; the bottle charged through the coat- 


ing, will be diſcharged through, the coating, and not other- 


ways; for the fixe muſt come out the ſame way it went in. 


5. To prove this, take two bottles that were equally 


charged through the hooks, one in each hand : bring their 


hooks near each other; and no ſpark. or ſhock will follow;. . 


becauſe each hook is diſpoſed to give fire, and neither to 


receive it. Set one of the hoitles down on glaſs, take it up 
by the hook, and apply its. coating to the hook of the 


other; then there will be an exploſion and hock, and 


both bottles will be diſcharged. 

6. Vary the experiment, by charging two ties: 
one through the hook, the other through the coating: hold 
that by the coating which was charged through the hook; 


and that by the hook which was charged through the 
coating: apply the hook of the firſt to the coating, of the 


CY This was a Diſcoray of te wy grin Me Kono by: 
him communicated to me. | other 
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dffier, and there will be no ſhock or ſpark. Set that down 
on glaſs which you held by the hook, take it up by the 
coating, and bring the two hooks together: a ſpark and 
thock will follow, and both phials be diſcharged. 
Tn this experiment the bottles are totally diſcharged, or 
the equilibrium within them reſtored. The abeunding of 
fire in one of the hooks (or rather in the internal ſurface of 
one bottle (being exactly equal to the wanting of the other: 
and therefore, as each bottle has in itſelf the abounding as 
well as the wanting, the wanting and abounding muſt be 
equal in each bottle. See b. 8, 9, 10, 11. But if a man 
holds in his hands two bottles, one fully electrified, the 
other not at all, and brings their hooks together, he has 
but half A ſhock, and the bottles will both remain half e- 
lectrified, the one "ily la? INE; and the other half 
charged, 33 
wee, Place two phials etal charged on 4 table at fte or 
ix inches diſtance. Let a cork. ball, fuſpended by a filk 
thread, hang between them. If the phials were both 
charged through their hooks, the cork, when it has been 
attracted and repelled by the one, will not be attracted, but 
equally repelled by the other. But if the phials were 
charged, the one through the hook, and the other * through 
| the coating, the ball, when it is repelled from one Hook, 


Fo charge a bottle — through the coating. * it on 
= _ ſtand; form a communication from the prime conductor to the 
coating, and another from the hook to the wall or floor. When it is 
charged, move the latter communication before you take hold of the 
bout, otherwiſe great part of the fire will * by i it. | 
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as | 8 New 8 and 
be as ſtrongly attracted by the other, and 1 vigorouſſy 
between them, till both phials are nearly diſcharged. 


8. When we uſe the terms of charging and di ſcharging | 


* the phial, it is in compliance with cuſtom, and for want of 
.others more ſuitable. Since we are of opinion that there 


is really no more electrical fire in the phial after what is 


called its charging, than before, nor leſs after its diſcharging; 
excepting only the ſmall ſpark that might be given to, 


and taken from the non-electric matter, if ſeparated from | 


the bottle, which ſpark may not be equal to a five hun- 
dredth part of what is called the exploſion, _ 

For if, on the exploſion, the electrical fire came out of 
the bottle by one part, and did not enter in again by ano- 
ther, then, if a man, ſtanding on wax, and holding the bot- 


tle in one hand, takes the ſpark by touching the wire hook 


with the other, the bottle being thereby di iſcharged, the 
.man would be charged ; or whatever fire was loſt by one, 
would be found in the other, ſince there was no way for 


its eſcape : But the contrary is true. 


9. Beſides, the phial will not ſuffer EY is called a 
charging, unleſs as much fire can go out of it one way, as 
is thrown in by. another. A phial cannot be charged 
ſtanding on wax or glaſs, or hanging on the prime con- 


ductor, unleſs a communication be formed between its 


| coating and the floor. 
> To. But ſuſpend two or more > phials on 3 prime con- 


* 


ductor, one hanging to the tail of the other; and a wire 


Boi the laſt to the floor, an equal | number of turns of the 


wheel 


— 
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| Wheel ſhall charge them all equally, and every one as 


much as one alone, would, have been. What is driven out 


at the tail of the firſt, ſerving to charge the ſecond ; what 


is driven out of the ſecond char ing the third ; 3, and ſo on, 
By this means a great number o belles might be charged 


with the ſame labour, and equally high, with one alone, 
were it not that every bottle receives new. fire, and loſes 


its old with ſome reluctance, or rather gives ſome ſmall re- 
fiſtance to the charging, which in a number of borttles be- 
comes more equal to the charging power, and ſo repels the 
fire back again on the globe, ſooner than a a; bottle 


would. do. 8 0 ? *% 7 * . 


1414 


one is full my a to 2 out, 1 —— empty — | 


| extremely hungry ; yet as the firſt will not gi ve our, unleſs 


the other can at the ſame inſtant receive in; o neither will 
the latter receive in, unleſs the firſt can at the ſame inſtant 


| ofve'6u ns When both can be done at once, it it is done with 


inconceivable quickneſs and violence. f = | 
ws 12. 80 a ſtrait ſpring (though the com pariſon does not 
agree in every particular) when forcibly bent, muſt, i to re- 
ſtore itſelf, contract that fide which in the bending-was ex- 
tended, and extend that which was contracted ; 57 8 of 
theſe two operations be hindered, the other cannot be 
done. But the 5 8 is not ſaid to be charg'd with elaſti- 
2 city 


FER 
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city when bent, and diſcharged when unbent; its quantity | 


of elaſticity is always the ſame. 


13. Glaſs, in like manner, has, within its ſubſtance, - 


always the ſame quantity of electrical fire, and that a very 
great quantity in proportion to the =-—_ of glaſs, as ſhall 
be ſhewn hereafter, _ 

14. This quantity, proportioned to the glaſs, it ſtrongly 
and obſtinately retains, and will have neither more nor leſs 
though it will ſuffer a change to be made in its parts and 
ſituation; i. e. we may take away part of it from one 
of the ws, Once we FIR an equal quantity into the 
other. 


15. Vet when the ſituation af the electrical Fs is ; thus 


altered in the glaſs ; when ſome has been taken from one 
fide, and ſome added to the other, it will not be at reſt or 
in its natural ſtate, till it is reſtored to its original equality.— 
And this reftitution cannot be made through the ſubſtance 
of the glaſs, but muſt be done by a non electric communi- 
cation formed without, from ſurface to ſurface, 

16. Thus, the whole force of the bottle, and power of 
giving a ſhock, is in the 6LAss 1TSELF ; the non-eleQrics 
in contact with the two ſurfaces, ſerving only to give and 
receive to and from the ſeveral parts of the glaſs ; that is, to 
give on one fide, and take away from the other. 

"= This was diſtovered here in the following manner: 
Purpoſing to analyſe the electrified bottle, in order to find 
wherein its ſtrength lay, we placed it on glaſs, and drew 
out the cork and wire * for that purpoſe had been 


looſe- 


"a7 
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| looſely put in. Then taking the bottle in one hand, and 


bringing a finger of the other near its mouth, a ſtrong ſpark 
came from the water, and the ſhock was as violent as if the 
wire had remained in it, which ſhewed that the force did 
not lie in the wire. Then to find if it reſided in the water, 


being crouded into and condenſed in it, as confin'd by the 


glaſs, which had been our former opinion, we electrified 
the battle again, and placing it on glaſs, drew out the wire 


and cork as before ; then taking up the bottle, we decanted 


all its water into an empty bottle, which likewiſe ſtood on 


| glaſs; and taking up that other bottle, we expected, if the 
force reſided in the water, to find a ſhock from it; but 


there was none. We judged then that it muſt either be 
loſt in decanting, or remain in the firſt bottle. The latter 


we found to be true; for that bottle on trial gave the ſhock, 


though filled up as it ſtood with freſh unelectrified water 
from a tea-pot.— To find, then, whether glaſs had this 


property merely as glaſs, or whether the form contributed 
any thing to it; we took a pane of ſaſh-glaſs, and laying 
it on the hand, placed a plate of lead on its upper ſurface ; 
then electrified that plate, and bringing a finger to it, there 

Was a ſpark and ſhock. We then took two plates of lead 


of equal dimenſions, but leſs than the glaſs by two inches 
every way, and electrified the glaſs between them, by 


electrifying the uppermoſt lead; then ſeparated. the glaſs 
from the lead, in doing which, what little fire might 


be in the lead was taken out, and the glaſs being touched 


in the eletrified parts with a finger, afforded only very 
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ſmall pricking ſparks, but a great number of 'them with 
be taken from different places. Then dexterouſly placing 
it again between dhe aden plates, and compleating 0 
circle between the two ſurfaces, a violent ſhock en- 


ſued, — Which demonſtrated the power to reſide in 


glaſs as glaſs, and that the non- electrics in contact ſerved 
only, like the armature of a loadſtone, to unite the force 
of the ſeveral parts, and bring them at once to any point 
deſired: it being the Property of a non- electric, that the 
whole body inſtantly receives or gives what electrical fire i is 
given to or taken from any one of its parts. | 

18. Upon this we made what we called an eteftrical- 
battery, conſiſting of eleven panes of large ſaſh-glaſs, arm'd 


wth thin leaden plates, paſted on each fide, placed verti- 


cally, and ſupported at two inches diſtance on filk cords, 
with thick hooks of leaden wire, one from each ſide, 
| ſtanding upright, diſtant from each other, and convenient 
communications of wire and chain, from the giving fide of 


one pane, to the receiving ſide of the other; that ſo the 
whole might be charged together, and with the fame la- 


bour as one ſingle pane; and another contrivance to bring 


the giving ſides, after charging, i in contact with one long 


wire, and the receivers with another, which two long 
wires would give the foree of all the plates of glaſs at once 


through the body of any animal forming the cirele with 


them. The plates may alſo be diſcharged ſeparately, or 
any number together that is required. But this machine 
1s not e uſed, as not ere anſwering our intention 

with 
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of glaſs for that purpoſe. 
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with regard to the eaſe of charging, for the bee 
given, Sec. 10. We made alſo of large glaſs panes, magical 
pictures, and mne e wheels, ee to be 
deſcribed. A 
19. J perceive by the i ingenious Mr Watſon 8 laſt b . 
lately received, that Dr Bevis had uſed, before we had, 
panes of glaſs to give a ſhock *; though, till that book 


came to hand, I thought to have communicated it to you 


as a novelty. The excuſe for mentioning it here is, that 
we tried the experiment differently, drew different conſe- 
quences from it (for Mr Watſon ſtill ſeems to think the fire, 
accumulated on the non- electric that is in contact with the 
glaſs, page 72) and, as ores we hithixto n have carri- 


K 4 4 


ed it fartber. N 
20. The magical itn 15 is aa dh i Fla a 


large metzotinto with a frame and glaſs, ſuppoſe of the 


KINO, (God preſerve him) take out the print, and cut a 
pannel out of it, near two inches diſtant from the frame all 


round. If the cut is through the picture it is not the worſe. 


With thin paſte, or. gum- water, fix the border that is cut 
off on the inſide the glaſs, preſſing it ſmooth, and cloſe 3 
then fill up the vacancy by gilding the glaſs well with leaf 
gold, or braſs. Gild likewiſe the inner edge of the back of 
the frame all round, except the top part, and form a com; 
munication between that gilding ang! the gilding behind 


I have fince heard that Mr Smeaton wands, Gr who made uſe of panes 
++. Contrived by Mr Kinnerfley. © Tae ,, 
| the 


go un Brperiments and 
the glaſs : then put in the board, and that Gae i is aniſhed. 


Turn up the glaſs, and gild the fore ſide exactly over the T 
back gilding, and when it is dry, cover it, by paſting on 
the pannel of the picture that hath been cut out, obſerving. 


to bring the correſpondent parts of the border and picture 
together, by which the picture will appear of a piece, as at 
firſt, only part is behind the glaſs, and part before. Hold 


the picture horizontally by the top, and place a little. 


moveable gilt crown on the king's head. If now the pic- 


ture be moderately electrified, and another perſon take hold. 


of the frame with one hand, fo that his fingers touch its 
inſide gilding, and with the other hand endeavour to take 
off the-crown, he will receive a terrible blow, and fail in 
the attempt. If the picture were highly charged, the con- 
ſequence might perhaps be as fatal & as that of high treaſon, 


fot when the ſpark is taken through/a quire of paper laid 


on the picture, by means of a wire communication, it 
Makes a fair hole through every ſheet; that is, through for- 
| ty-eight leaves, (though a quire of paper is thought good 
armour againſt the puſh of a ſword, or even againſt a piſ- 
tol bullet, and the crack is exceeding loud. The operator, 
who holds the picture by the upper end, where the inſide 
of the frame is not gilt, to prevent its falling, feels nothing 
of the ſhock, and may touch the face of the picture with- 


bot danger, which he pretends is a teſt of his Ioyalty.—If a 


N We bat N88 found: it fatal to ſmall Saks tough rte Ne 
ones. The biggeſt we have yet Killed 1 is a hen. 77 9. 
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ring of perſons take the ſhock among them, the experi- 
ment is called, The Conſpirators. 

21. On the principle, in Sec. 7, that hooks of bottles, dif- 
ferently charged, will attract and repel differently, is made 
an electrical wheel, that turns with conſiderable ſtrength. 


D A ſmall upright ſhaft of wood paſſes at right angles through 


a thin round board, of about twelve inches diameter, and 
turns on a ſharp point of iron, fixed in the lower end, while 
a ſtrong wire in the upper end, paſſing through a. ſmall 
hole in a thin braſs plate, keeps the ſhaft truly vertical. 
About thirty radii of equal length, made of ſaſh · glaſs, cut 


in narrow ſtrips, iſſue horizontally from the circumference 


of the board, the ends moſt diſtant from the center being a- 
bout four inches apart. On the end of every one, a braſs 
thimble is fixed. If now the wire of a bottle electrified in 
the common way, be brought near the circumference of 
this wheel, it will attract the neareſt thimble, and ſo put 
the wheel in motion ; that thimble, in paſſing by, receives 
A ſpark, and thereby being cleQrified is repelled, and fo dri- 
ven forwards ; while a ſecond being attracted, approaches 
the wire, receives a fpark, and is driven after the firſt, and 
ſo on till the wheel has gone once round, when the thim- 
bles before electrified approaching the wire, inſtead of be- 

ing attracted as they were at firft, are repelled, and the mo- 
tion preſently ceaſes —But if another bottle, which had 
been charged through the coating, be placed near the fame 


wheel, its wire will attract the thimble repelled by the 


* and n double = free that curries the wheel 
Oh Y round; 


— 
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round; and not only taking out the fire that Had been 
e ee to the thimbles by the firſt bottle, but even 
robbing them of their natural quantity, inſtead of being 
repelled when they come again towards the firſt bottle, they 
ate more ſtrongly attracted, ſo that the wheel -mends its 
pace, till it goes with great rapidity twelve or fifteen rounds 
in a minute, and with fuch ſtrength, as that the weight of 
one hundred Spaniſh dollars with which we once' loaded 
it, did not ſeem in the leaſt to retard its motion.— This is 
called an electrical jack; and if a large fowl were ſ pitted 
on the uptight ſhaft, it would be carried round before a fre 
with a motion fit for roaſting. 2012] 
N 22. But this wheel, like thoſe driven by 1 water, or 
weights, moves by a foreign force, to wit, tliat of the bot- 
tles. The elf. moving wheel, though conſtructed on the 
fame principles, appears more ſurpriſing. Tis made of a 
thin round, plate of window glaſs, ſeventeen inches diame- - 
| ter, w well gilt on both ſides, all all but two inches 'next the 
edge. Two | ſmall hemiſpheres of wood are then fixed 
with cement to the middle of the upper and under fides, 
centrally. oppolite, and in each of them a thick ſtrong wire 
eight, or ten inches, long, which together make the axis of => 
the wheel. It turns horizontally on a point at the lower 
end of its axis, which reſts om a bit of braſs cemented 
within a glaſs falt-cellar. - The upper end of its axis paſſes 
through a hole in a thin braſs plate cemented to a long 
ſtrong piece of glaſs, which keeps it fix or eight inches diſ- 
tant from any non · electric, and has a ſmall ball of wax or 
metal 
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metal on its top to keep in the fire. In a circle on the 


table which ſupports the wheel, are fixed twelve ſmall pil- 


lars of glaſs, at about four inches diſtance, with a thimble 
on the top of each, On the edge of the wheel is a ſmall 
leaden bullet, communicating by a wire with the gilding of 


the upper ſurface of the wheel; and about fix inches from 


it is another bullet communicating in like manner with the 
under ſurface, When the wheel is to be charged by the 
upper ſurface, a communication muſt be made from the 


under ſurface to the table. When it is well charged i it be- 


gins to move ; the bullet neareſt to a pillar moves towards 
the thimble on that pillar, and paſling by, electrifies it, and 
then puſhes itſelf from it; the ſucceeding bullet, which 
communicates with the other ſurface of the glaſs, more 


ſtrongly attracts that thimble, on account of its being be- 


fore electrified by the other bullet; and thus the wheel en- 


creaſes its motion till it comes to ſuch a height as that the 


reſiſtance of the air regulates it. It will go half an hour, 


and make one minute with another twenty turns in a mi- 


nute, which is fix hundred turns in the whole ; the bul- 


let of the upper ſurface giving in each turn twelve ſparks, 


to the thimbles, which makes ſeven thouſand two hun- 
dred ſparks ; - and the bullet of the under ſurface receiving 
as many from the thimbles ; thoſe bullets moving in the 


time near two thouſand five hundred feet. The thim- 


bles are well fixed, and in ſo exact a circle, that the bul- 
lets may paſs within a very ſmall diſtance of each of 


3 inſtead of two bullets you put eight, four com- 
5 F 


muni- 


* 


nd - 


*/ a 
1 1 * 3 1 FO = 
2 7 _ 
: 
* . - — — G 2 — n 1 
— — SR tut 223 = n {4 " nA 5 * * Fs 1 1 _ 6 
. — * 7 ny . * ” Wo 4 MP 1 24 
$4.4 PIP. 2 fs OG > 
—— 2.9%.; _ U — — 2 > 1 . ' — Grand hs Load 1 
_ > * . 
90 — 2 2 n - ” —— — — — 1 4 — 
— * ES 1 1 r 4 2 * 
= © 2 Z 1 2 » — -—o#A — — Br ES AE — 4 * £2 —_— , - S 
o — — — 9 - 8 * 2 * #1 n * 
2 „ is ie — 2 — — : —— by AY £ 2 . * pw — n A 2 
op 8 ” . N 7 2 ” „ wt Fo ' 7 
1 1 SZ. - EX 2 14 1 - 1 2 * — 54 7 7 p —_ =Y — © 
R J : ic 36" 6 > $5.0 N = oY 0 18 R 
— i —— : ER 3 — 


— —— 


oF 
1 
1 


+: 
"TI 
4. 
78 
4. 
4 
* + ö 
8 
ot Yu 
5+ JP 
! T2 Rd 
& 814 
1 
: £ 


7 
7 7 p 
* - -- * ? 9 1 w 
— A —- m. WF] * . 8 4 10 * 
r R — * — — 6 24 — 6 — * 
r is, * — — I * — — — 
— a — — a * . - - 2 - - — — 7 
ELD - _—D 7 — * — 8 — — _ — 1 4 1 — 2 0 
— — —— 2 2 22 Jaw 2 4 # 8 ul — — 5 = 2 as 5 — — 
. — 2 5 L - 1 7 7 —— — J as ” - << 
A —_—_ N 1 _ _ mn —— Bong — — ©, 
"AS & "ALIA — — ; - 
- - — 3 
1 — - 


—— 


= - — — 
———— 
xx 
4 8 
D 
wr 


34 New Experiments an 

municating with the upper ſurface, and four with the uns 
der ſurface, placed alternately ; which eight, at about fix 
inches diſtance, completes the circumference, the force and 


ſwiftneſs will be greatly increaſed, the wheel making fiſty 


turns in a minute; but then it will not continue moving 
ſo long. Theſe whetls may be applied, perhaps, to the 


ringing of chimes *, and moving of light-made orreries. 


23. A ſmall wire bent circularly, with a loop at each 


end ; let one end reſt againſt the under ſurface of the 


wheel, and bring the other end near the upper ſurface, 
it will give a terrible crack, and the force will be diſ- 
charged. | 


24. Every ſpark i in that manner drawn from the ſurface 


of the wheel, makes a round hole in the gildi ing, tearing 


5 off a part of it in coming out; which ſhews that the fire 


is not accumulated on the gilding, oe is in the glaſs 
itſelf. 

25. The gilding being Arnim over with trekking 
varniſh, the varniſh, though dry and hard, is burnt by the 
ſpark drawn through it, and gives a ſtrong ſmell and viſible 
ſmoke, And when the ſpark'is drawn through paper, all 


round the hole made by it, the paper will be blacked 'by 
the ſmoke, which ſometimes penetrates ſeveral of the leaves. 


Part of the gilding torn off, is alſo found forcibly TON 
to the hole made in the paper by the ſtroke, © 


25 This was afterwards 450 with ſacceſs by Mr Kinnerſtey. 6 | I: 
20, 


3 


Obſervations on ELECTRICITY, 35 

26. Its is amazing to obſerve in how {mall a portion of 
claſs a great electrical force may lie. A thin glaſs bubble 
— — an inch diameter, weighing only ſix grains, being 
half filled with water, partly gilt on the outſide, and fur- 
niſh'd with a wire hook, gives, when electrified, as great 


a ſhock as a man can well bear. As the glaſs is thickeſt 


near the orifice, I ſuppoſe | the lower half, which being g gilt 
was electrified and gave the ſhock, did not exceed two 
grains; for it appeared, when broke, much thinner than 
the upper half. AI one of theſe thin bottles be electrified 
by the coating, and the ſpark taken out through the gilding, 
it will break the glaſs inwards, at the ſame s that ĩt 
breaks the gilding outwards. 
27. And allowing (for, the reaſons before given, 8. 958 9, 
10.) that there is no more electrical fire in a bottle after 
charging, than before, how great muſt, be the quantity in 


this ſmall portion of glaſs ! It ſeems as if it were of its very 
| ſubſtance and eſſence. Perhaps if that due quantity of 


electrical fire ſo obſtinately retained, by glaſs, could be 
ſeparated from it, it would no longer be glaſs; it might | 
loſe its: tranſparency, or its brittleneſs, or its elaſticity, — 


Experiments may. poſſibly be invevted hereafter, to diſ- 


cover this. 

27. We were ſurpriſed at Us acoount given in Mr Wat- 
Jon 8 book, of a ſhock communicated through a great ſpace 
of dry ground, and ſuſpect there muſt be ſome metalline 
.quality.in the gravel of that ground ; having found that 

F 2 ſimple 
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1 ſimpfe dry earth, rammed in a glaſs tube, open at both 
91 ends, and a wire hook inſerted in the earth at each end, the 
earth and wires making part of a circle, would not con- 
duct the leaſt perceptible fhock, and indeed when one 
wire was electrified, the other hardly ſhowed any ſigns of 
its being in connection with it“. Even a thoroughly 
wet pack- thread ſometimes fails of conducting a ſhock, 
though it otherwiſe conducts Electricity very well. A dry 
cake of ice, or an icicle held between two in a circle, like- 
wiſe prevents the ſhock, which one would not expect, as 
water conducts it ſo perfectly well. —Gilding on a new 
book, though at firſt it conducts the ſhock extremely well, 
yet fails after ten or a dozen experiments, though it ap- 
pears otherwiſe in all reſpects the ſame, which we cannot 1 
account for . on W 85 
28. There is one experiment more which ſurprizes us, 
and is not hitherto ſatisfactorily accounted for; it is this: 
Place an iron ſhot on a glaſs ſtand, and let a ball of damp 3 
cork, ſuſpended by a ſilk thread, hang in contact with the 3 
ſhot. Take a bottle in each hand, one that is elecrified 1 
through the hook, the other through the coating: Apply 1 
the giving wire to the ſhot, which will electrify it poftive- | 
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* Probably the ground is never ſo dry. 5 3 5 =_ 


+ We afterwards found that it failed after one ſtroke with a large bot- 
tle; and the continuity of the gold appearing broken, and many of its parts 
diffipated, the Electricity could not paſs the remaining parts without leaping 

from part to part through the air, which always reſiſts the motion of this 
fluid, and was probably the cauſe of the gold's not conducting fo well as 
before. | | | | 
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hb, and the cork ſhall be repelled : then apply the requiring 


wire, which will take out the ſpark given by the other ; 
when the cork will return to the ſhot : Apply the fra; 
again, and take out another ſpark, ſo will the ſhot be 


electrified negatively, and the cork in that caſe ſhall be 


repelled equally as before. Then apply the giving wire 


| to the ſhot, and give the ſpark it wanted, ſo will the cork 


return: Give it another, which will be an addition to its 


natural quantity, ſo will the cork be repelled again: And 


ſo may the experiment be repeated as long as there is any 


charge in the bottles. Which ſhews that bodies having 


leſs than the common quantity of Electricity, repel each o- 
ther, as well as thoſe that have more. 
Chagrined a little that we have been bitheew able to 


| produce nothing in this way of uſe to mankind; and the 
hot weather coming on, when electrical experiments are 
not ſo agreeable, it is propoſed to put an end to them for 


this ſeaſon, ſomewhat humorouſly, in a party of pleaſure, 
on the banks of Siuy/ki/ *, Spirits, at the ſame time, are 


to be fired by a ſpark ſent from fide to fide through the 


river, without any other conductor than the water; an 
experiment which we ſome time ſince performed, to the 
amazement of many 7. A turkey is to be killed for our 

dinner 


»The river that 2 one ſide of Philadelphia, as the Delaware Jos 
the other ; both are ornamented with the ſummer habitations of the citi- 
Zens, and the agreeable manſions of the principal people of this colony. 


F As the poſſibility of this experiment has not been eaſily conceived, I 
| : | ſhall 


dinner by the electrical iſboch, and roaſted by the eledrica l 
Jack, before a fire kindled by the eledrified bottle: when 
the healths. of all the famous electricians in England, Hol- 
land, France, and Germany, are to be drank in * electriſied 
bumpers, under the diſcharge of guns from the electrical 
battery: 510 | | 
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ſhall here deſcribe it. Two iron rods, about three feet long, were planted 3} 
juſt within the margin of the river, on the oppoſite ſides. A thick piece of 8 
wire, with. a ſmall round knob at its end, was fixed to the top of one of the . = 
rods,” bending downwards, ſo as to deliver commodiouſly the ſpark upon the = 
Aurjace of the ſpirit. A ſmall wire faſtened hy one end to the handle of the 3 
ſpoon, containing the ſpirit, was carried a-croſs the river, and ſupported in > 1 
the air by the rope commonly uſed to hold by, in drawing the ferry- boats o- "i 
ver. The other end of. this ,wire was tied. rqund the coating of the bottle ; 
which being charged, the ſpark was delivered from the hook to the top of the 11 
rod ſtanding in the water on that ſide. At the ſame inſtant the rad on the = 9 
other ſide delivered a ſpark into the ſpoon, and fired the ſpirit. The eledtric b 
fire returning to the coating of the bottle, through the handle of -the ſpoon =—_ 
and the ſupported wire; connected with them. 8 
That the electric fire thus actually paſſes through the water, has ſince 7 
been ſatisfactorily demonſtrated to many by an experiment-of-Mr: Kinner- 3 
0. — performed in a trough. of water about. ten feet long. The hand being | 
pla 
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ced under water in the direction of the ſpark (which always takes the w 
trait or ſhorteſt courſe) is ſtruek and penetrated by it as it ative, 1 il 1 
An elefrified bumper is à ſmall thin glaſs, tumbler, near: filled with 3 

wine, and electrified. as the bottle. This when, brought to the, lips gives 1 
a ſhock, if the party be cloſe ſhaved, and does not breathe on the liquor. 3 
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I. E TF T RW 
CONTAINING 
OBSERVATIONS and SUPPOSIT IONS, 
towards forming a new HyeoTats1s, for ex- 
plaining the ſeveral Phenomena of Tau N= 
DER-GusTs *. | 


SIR, 


Y. 1. 'On-ELECTRIC bodies, that have cleric fire 


thrown into them, will retain it till other 


| hon-eleEtries, that have leſs, approach; and then it is com- 


municated by a ſnap, and becomes equally. divided. 
2. Electrical fire loves water, is ſtrongly nn by it, 


nd they can ſubſiſt together. 
3. Air is an electric per ſe, and when dry will not con- 


: duct the electrical fire; it will neither receive it, not give 


it to othet bodies; otherwiſe no body ſutrounded by air, 


could be electrified poſitively and negatively : for ſhould it 


* Tbunder-guſts are ſudden ſtorms of thunder and lightning, which 
are — of ſhort duration, but ſometimes produce miſchievous 


be 


ects. 
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be attempted poſitively: the air would immediately take a- 
way the overplus ; or negatively, the air would ſupply 1 
what was wanting. 
4. Water being electrified, the vapours ariſing from it 2 
will be equally electrified; and floating in the air, in the * 
form of clouds, or otherwiſe, will retain that quantity of g 
electrical fire, till they meet with other clouds or bodies 
not ſo much electrified, and then will communicate as 
before mentioned. N 3 
5. Every particle of matter eleQrified is repelled by I, . 
every other particle equally electrified. Thus the ſtream 
of a fountain, naturally denſe and continual, when electri- 
fied, will ſeparate and ſpread in the form of a bruſn, every 
drop endeavouring to recede from every other drop. But 
on taking out the electrical fire they cloſe again. | 
6. Water being ſtrongly electrified (as well as when 2 
heated by common fire) riſes in vapours more copiouſly; 1 
the attraction of coheſion among its particles being greatly 
weakened, by the oppoſite power of repulſion introduced Z 
with the electrical fire; and when any particle is by any 3 
means diſengaged, it is immediately repelled, and to flies = 
into the air. 
7. Particles 33 to be Gtuated as A and B, (F16. E 
a VI. repreſenting the profile of a veſſel of water) are more 3 
eaſily diſengaged than C and D, as each is held by contact | 
with three only, whereas Cand D are each in contact with I 
nine. When the ſurface of the water has the leaſt motion, 6 | 
5 | parti 
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particles are continually puſhed into the ſituation nn. 


ed by A and B. 
8. Friction between a non-eledivic unde an cleric per ſe 


will produce electrical fire; not by creating, but collecting 


it: for it is equally diffuſed 3 in our walls, floors, earth, and 
the whole maſs of common matter. Thus the whirling 


glaſs globe, during its friction againſt the cuſhion, draws 
fire from the cuſhion, the cuſhion is ſupplied from the 


frame of the machine, that from the floor on which it 
ſtands, Cut off the communication by thick glaſs or wax, 
placed under the cuſhion, and no fire can be Produced, be- 


cauſe i it cannot be collected. 


9. The ocean is a compound of water, a non-eleAtrie, | 
and ſalt an electric per ſe. 

10. When there is a friction among the parts near its 
ſurface, the electrical fire is collected from the parts below. 
It is then plainly viſible in the night ; it appears at the 
ſtern and in the wake of every failing veſſel; every daſh 
of an oar ſhews it, and every ſurf and ſpray : In ſtorms the 
whole ſea ſeems on fire —The detach'd particles of water 
then repelled from the electrified ſurface, continually carry 


off the fire as it is collected; they riſe and form clouds, 


and thoſe clouds are highly electrified, and retain the fire 
till they have an opportunity of communicating it. | 
11. The particles of water riſing in vapours,: attach them- 


| ſelves to particles of air. 


12. The particles of air are ſaid to be hard, cited; PI 
rate and * from each other; every particle ſtrongly 


ens 
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repelling every other particle, whereby they recede from 
each other, as far as common gravity will permit. 
13. The ſpace between any three particles equally. re- 
pelling each other, will be an equilateral: triangle. | 
14. In air compreſſed, theſe ogy are aller; in ra- 
rified air they are larger. 
15. Common fire joined with air, increaſes the pul- 


ſion, enlarges the triangles, and thereby makes the air ſpe- 


_ cifically lighter. Such air, among denſer air, will riſe. 


16. Common fire, as well as electrical fire, gives repul- 


ſion to the particles of water, and deſtroys their attraction 
of coheſion ; hence common fire; as well as electrical oe; 
aſſiſts in raiſing vapours, 

17. Particles of water, having no fire in them, mutually 
attract each other. Three particles of water then being 


attached to the three particles of a triangle of air, would by | 
their mutual attraction operating agzinſt the air's repulſion, 


ſhorten the fides and leſſen the triangle, whereby that 


portion of air being made denſer, would fink to the earth - 


with its. water, and not riſe to contribute to the forwation 
of a cloud. 

18. But if every particle of water — ieſelf to air, 
brings with it a particle of common fire, the repulſion of 
the air being aſſiſted and ſtrengthened by the fire, more 
than obſtructed by the mutual attraction of the particles of 
water, the triangle dilates, and that portion agg Fe 
rarer and ſpecifically lighter riſes; - *- 

I 9. K the — of water being electrical fire when 


they 
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they attach themſelves to air, the repulſion between the 


particles of water electrified, joins with the natural repul- 
fion of the air, to force its particles to a greater diſtance, 
whereby the triangles are dilated, and the air riſes, 1 


up with it the water. 
20. If the particles of water bring with them portions 


of both ſorts of fire, the repulſion of the particles of air is 
ſtill more ſtrengthened and increaſed, and the triangles far- 
ther enlarged. 

21. One particle of air may be ſurrounded by twelve 
particles of water of equal ſize with itſelf, all in contact 
with it; and by more added to thoſe. | 

22. Particles of air thus loaded would be drawn nearer 
together by the mutual attraction of the particles of water, 
did not the fire, common or electrical, aſſiſt their re- 


pulſion. 
23. If air thus loaded be cm by adverſe winds, 


or by being driven againſt mountains, &c, or condenſed 
by taking away the fire that aſſiſted it in expanding; the 


triangles contract, the air with its water will deſcend as a 
dew ; or, if the water ſurrounding one particle of air comes 
in contact with the water ſurrounding another, _y coa- 
leſce and form a drop, and we have rain. 

24. The ſun ſupplies (or ſeems to ſupply) common fire 


| to all vapours, whether raiſed from earth or ſea. 


25. Thoſe vapours which have both common and elec- 
trical fire in them, are better ſupported, than thoſe which 


have _ common fire in them, For when vapours riſe 
| 8 2 into 
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into the coldeſt region above the earth, the cold: will not 


diminiſh the electrical fire, if it doth the common. 

26. Hence clouds formed by vapours raiſed from freſh 
waters within land, from growing vegetables, moiſt earth, 
&c. more ſpeedily and- eaſily depoſite their water, having 


but little electrical fire to repel and keep the particles ſe- 


parate. So that the greateſt part of the water raiſed from 
the land, is let fall on the land again ; and winds blowing 
from the land to the ſea are dry; there being little uſe 


for rain on the ſea, and to rob the land of its moiſture, in | | 


order to rain on the ſea, would not appear reaſonable. _ 
27. But clouds formed by vapours raiſed from the ſea, 

having both fires, and particularly a great quantity of the 

electrical, ſupport their water ſtrongly, raiſe it high, and 


being moved by winds, may bring it over the middle of the 


broadeſt continent from the middle of the wideſt ocean, 


28. How theſe ocean clouds, ſo ſtrongly ſupporting their 


water, are made to depoſite it on the land where it is want- 
ed, is next to be conſidered. | | 


29. If they are driven by winds againſt mountains, | 


thoſe mountains being leſs electrified attract them, and on 
contact take away their electrical fire (and being cold, the 
common fire alſo ;) hence the particles cloſe towards the 
mountains and towards each other. If the air was not 
much loaded, it only falls in dews on the mountain tops 


and ſides, forms ſprings, and deſcends to the vales i in rivu- 
lets, which united, make larger ſtreams and rivers. If 


much loaded, the electrical fire i is at once taken from the 
| whole 


wo wo 4 


+ ot. 
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whole cloud ; and, in leaving it, flaſhes brightly and cracks 
loudly ; the particles inſtantly coaleſcing for want of that 


fire, and falling in a heavy ſhower. 


zo. When a ridge of mountains thus dams the clouds, 


and draws the electrical fire from the cloud firſt approach- 


ing it ; that which next follows, when it comes near the 
firſt cloud, now deprived of its fire, flaſhes into it, and be- 
gins to depoſite its own water; the firſt cloud again flafh- 
ing into the mountains; the third approaching cloud, and 
all the ſucceeding ones, acting in the ſame manner as far 
back as they extend, which may be over many hundred 


miles of country. 


31. Hence the continual ſtorms of rain, thunder, and 
lightning on the eaſt ſide of the Andes, which running 
north and ſouth, and being vaſtly high, intercept all the 
clouds brought againſt them from the Atlantic ocean by 
the trade winds, and oblige them to depoſite their waters, 
by which the vaſt : rivers Amazons, La Plata, and Oroonolo 
are formed, which return the water into the ſame ſea, after 


. having fertilized a country of very great extent. 


32. If a country be plain, having no mountains to inter- 


cept the electrified clouds, yet it is not without means te 


make them depoſite their water. For if an electrified 
cloud coming from the ſea, meets in the air a cloud raiſed 


from the land, and therefore not electrified ; the firſt will 
flaſh its fire into the latter, and thereby both clouds ſhall be 


made ſuddenly to. depoſite water. 
33. The electrified particles of the firſt HS cloſe 


when they loſe their fire ; the particles of the other cloud 
cloſe 
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cloſe in receiving it: in both, they have thereby : an oppor: 
tunity of coaleſcing into drops. — The concuſſion or jerk 
given to the air, contributes alſo to ſhake down the water, 
not only from thoſe two clouds, but from others near them. 


Hence the ſudden fall of rain in after _— of 


lightning. 
34. To ſhew this by an eaſy experiment : Take two 


8 pieces of paſteboard two inches diameter; from the 


center and circumference of each of them ſuſpend by 
fine filk threads eighteen inches long, ſeven ſmall balls of 
wood, or ſeven peas equal in bigneſs : ſo will the balls ap- 
pending to each paſteboard, form equal equilateral trian- 
gles, one ball being in the center, and fix at equal diſtances 


from that, and from each other; and thus they repreſent 


particles of air. Dip both ſets in water, and ſome adhering 
to each ball, they will repreſent air loaded. Dexterouſly 


electrify one ſet, and its balls will repel each other to a 


greater diſtance, enlarging the triangles. Could the water 
ſupported by the ſeven balls come into contact, it would 
form a drop or drops ſo heavy as to break the coheſion 


it had with the balls, and ſo fall. Let the two ſets then 


repreſent two clouds, the one a ſea cloud electrified, 
the other a land cloud. Bring them within the fphere of 


| attraction, and they will draw towards each other, 


and you will ſee the ſeparated balls cloſe thus; the firſt 
clectrified ball that comes near an unelectrified ball by 
attraction joins it, and gives it fire; inſtantly they ſepa- 


rate, and each flies to another ball of its own party, one to 


5 
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give, the other to receive fire; and ſo it proceeds through 


both ſets, but ſo quick as to be in a manner inſtantaneous. 
In the colliſion they ſhake off an drop their water, which 
repreſents rain. 

35. Thus when ſea and land clouds would paſs at too 
great a diſtance from the flaſh, they are attracted towards 


each other till within that diſtance ; for the ſphere of e- 


lectrical attraction is far beyond the diſtance of flaſhing. 
36. When a great number of clouds from the ſea meet 
a number of clouds raiſed from the land, the electrical 
flaſhes appear to ſtrike in different parts; and as the 
clouds are joſtled and mixed by the winds, or brought 
near by the electrical attraction, they continue to give and 
receive Haſh after flaſh, pl the electrical fire is dn 
diffuſed. | 
37. When the 3 (in electrical experiments} 
has but little electrical fire in it, you muſt approach it very 
near with your knuckle, before you. can draw a ſpark. 


Give it more fire, and it will give a ſpark at a greater diſ- 


tance. Two gun - barrels united, and as highly eleQrified,: 
will give a ſpark at a: ſtill greater diſtance. But if two 
gun; barrels electrified will firike at two inches ng 
and make a loud ſnap, to whata great diſtance may 10, obo 
acres of electrified cloud ſtrike and give its * and how 
38. It is a common thing to ſee. clouds at direne 


heights paſſing different ways, which ſhews difforent eur- 


| : tropics 


48 New Experiments and 

tropics is rarified by the ſun, it riſes, the denſer northern 
and ſouthern air preſſing into its place. The air fo rari- 
fied and forced up, paſſes northward and ſouthward, and 
muſt deſcend in the polar regions, if it has no opportunity 
f rf that the circulation may be carried on. 

39. As currents of air, with the clouds therein, paſs dif 
ferent ways, tis eaſy to conceive how the clouds, paſſing 
over each other, may attract each other, and ſo come near 
enough for the electrical ſtroke. * And alſo how electrical 
clouds may be carried within land very far from the ſea, 
before they have an opportunity to ſtrike, © 

40. When the air, with its vapours raiſed from the 
ocean between the tropics, comes to deſcend in the polar 
regions, and to be in contact with the vapours ariſing 


there, the electrical fire they brought begins to be com- 


municated, and is ſeen in clear nights, being firſt viſible 
where tis firſt in motion, that is, where the contact be- 
gins; or in the moſt northern part; from thence the 
ſtreams of light ſeem to ſhoot ſoutherly, even up to the 
zenith of northern countries. But tho” the light ſeems to 
ſhoot from the north ſoutherly, the progreſs of the fire is 
really from the ſouth northerly, its motion beginning i in n 
north being the reaſon that tis there firſt ſeen. 


For the electrical fire is never viſible but when in mo- 
tion, and leaping from body to body, or from particle to 


particle thro' the air. When it paſſes thro' denſe bodies 


tis unſeen, When a wire makes part of the circle, in the 


ten of the electrical phial, the fire, though in great - 
quantity 
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OB/ervations on ELECTRICITY, 49 
quantity, paſſes in the wire inviſibly: but in paſling along 
a chain, it becomes viſible as it leaps from link to link. In 
paſſing along leaf gilding tis viſible : for the leaf-gold is 
full of pores; hold a leaf to the light and it appears like a 


net, and the fire is ſeen in its leaping over the vacancies, — 


And as when a long canal filled with till water is opened 


at one end, in order to be diſcharged, the motion of the 
water begins firſt near the opened end, and proceeds to- 


wards the cloſe end, tho' the water itſelf moves from the 
cloſe towards the opened end: ſo the electrical fire diſ- 
charged into the polar regions, perhaps from a thouſand 
leagues length of vaporiſed air, appears firſt where tis firſt 
in motion, 2. e. in the moſt northern part, and the appear- 
ance proceeds ſouthward, tho” the fire really moves north- 
ward. This is ſuppoſed to account for the Aurora Bo- 
realis. i 
41. When there is great heat on the a in a particu- 
lar region (the ſun having ſhone on it perhaps ſeveral 
days, while the ſurrounding countries have been ſcreen'd 
by clouds) the lower air is rarified and riſes, the cooler 
denſer air above deſcends ; the clouds in that air meet 
from all ſides, and join over the heated place; and if ſome 
are electrified, others not, lightning and thunder ſucceed, 
and ſhowers fall, Hence thunder-guſts after heats, and 
cool air after guſts; the water and the clouds that bring 
it, coming from a higher and therefore a cooler region. 
42. An electrical ſpark, drawn from an irregular body 


Lat ſome diſtance 1s ſcarce ever r ſtrait, but ſhows crooked 


wo ew Experiments ond 


and waving in the air. So do the flathes of lightning ; the 


clouds being very irregular bodies, 


43. As electrified clouds paſs over a country, kigh Hills | 


and high trees, lofty towers, ſpires, maſts of ſhips, chim- 
neys, &c. as ſo many prominencies and points, draw the 
electrical fire, and-the whole cloud diſcharges there. 

44. Dangerous, therefore, is it to take ſhelter under a 
tree, during a thunder-guſt. It has _ an to many, 
both men and beaſts. 

45. It is ſafer to be in the open geld for another reaſon, 


When the cloaths are wet, if a flaſh in its way to the 


ground ſhould ſtrike your head, it may run in the water 
over the ſurface of your body ; whereas, if your cloaths 
were dry, it would go through the body. 

Hence a wet rat cannot be killed by the — elecs 
trical bottle, when a dry rat may 

46. Common fire is in all bodies, more or leß, as | well 
as electrical fire. Perhaps they may be different modifi- 
cations of the ſame element ;. or they may be different ele · 
ments. The latter is by ſome ſaſ] pected. 


47. If they are different things, yet they may and 90. | 


fubfiſt together in the ſame body. 


48. When electrical fire ſtrikes through a body, i it acts 
upon the common fire contained in it, and puts that fire 
in motion; and if there be a fafficient quantity of ed | 


kind of pag the uz will be inflamed. 


This was tried with a bottle, containing about a. quart.. 10 1 is "ROY 
thought that one of the larye glaſs Jars, mentioned in theſe papers, might. 


have n dna though wet.. 
49. When, 
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49. When the quantity of common fire in the body is 
ſmall, the quantity of the electrical fire (or the electrical 
ſtroke) ſhould be greater: if the quantity of common fire 
be great, leſs electrical fire ſuffices to produce the effect. 

50. Thus ſpirits muſt be heated before we can fire them 


by the electrical ſpark®, If they are much heated, a ſmall 
ſpark: will do; if not, the ſpark muſt be greater. 


51. Till lately we could only fire warm vapours ; but 
now we can burn hard dry roſin. And when we can pro- 


cure greater electrical ſparks, we may be able to fire not 


only unwarm'd ſpirits, as lightning does, but even wood, 
by giving ſufficient agitation to the common fire ene 


in it, as friction we know will do. 


Fa. Sulphureous and inflammable vapours 4 from 
the earth, are eaſily kindled by lightning. Beſides what 


ariſe from the earth, ſuch vapours are ſent out by ſtacks of | 


moiſt hay, corn, or other vegetables, which heat and reek. 


Wood rotting in old trees or buildings does the 1 


Such are therefore eafily and often fired. 
53. Metals are often melted by lightning, tho” perhaps 


not from heat in the lightning, nor altogether from agi- 


tated fire in the metals. —For as whatever body can inſi- 
nuate itſelf between the particles of metal, and overcome 
the attraction by which they cohere (as ſundry menſtrus 


* "Walken ſince fired ſpirits kb lation them, when the weather is 
warm. A little poured into the palm of the hand, will be warmed ſuffi- 
ciently by the hand, if the ſpirit be well retified. Aber re | 


readily, | 1 
e H 2 | can} 


52 Mew Experiments in ELRCTRIIT v. 
can) will make the ſolid become a fluid, as well as fire, 
yet without heating it: ſo the electrical fire, or lightning, 


creating a violent repulſion between the particles of the 
aN it paſſes through, the metal is fuſed, 


54. If you would, by a violent fire, melt off the end of a 


| nail. which is half driven into a door, the heat given the 
whole nail before a part would melt, muſt burn the board 


it ſticks in. And the melted part would burn the floor it 


| dropp'd on. But if a ſword can be melted in the ſcabbard; 
and money in a man's pocket, by lightning, without bann 
ing either, it muſt be a cold fuſion .. 

55. Lightning rends ſome bodies. The electrical ſpark 
will ſtrike a hole through a quire of ſtrong paper. 


506. If the ſource of lightning, aſſigned in this paper, be 


the true one, there ſhould be little thunder heard at ſea 
far from land. ,And accordingly ſome old ſea-captains, of 
whom enquiry has been made, do affirm, that the fact a- 
grees perfectly with the hypotheſis; for that in croſſing 
the great ocean, they ſeldom meet with thunder till they 
come into ſoundings; and that the iſlands far from the 
continent have very little of it. And a curious obſerver, 


who lived I 3 years at Bermudas, ſays, there was leſs thun- _ 


der there i in that whole time than he has ſometimes heard 
in a month at Carolina. | 


e facts, 88 related in ſeveral accounts, are now daubted ; 
fince it has been obſerved that the parts of a bell · wire which fell on the floor 
being broken and partly melted by lightning, did actually burn into the 
boards. (See Phrlof. Tranſ. Vol. LI. - ny, and Mr Kinnerſley'has found 
that 2 a fine iron wire, melted by ah has had the ſame effect.) 
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ADDITIONAL PAPERS 
| T O 

PETER — E53 F. R. 8. London. b 

SR Philadelphia, July 29, 1750. 


8 you firſt put us on electrical experiments, by 
ſending to our library company a tube, with di- 


rections how to uſe it ; and as our honourable proprietary 


enabled us to carry thoſe experiments to a greater height, 
by his generous preſent of a compleat electrical appara- 
tus; 'tis fit that both ſhould know, from time to time, 


what progreſs we make. It was in this view I wrote and 
ſent you my former papers on this ſubject, deſiring, that 


as I had not the honour of a direct correſpondence with 
that bountiful benefactor to our library, they might be 
communicated to him through your hands. In. the ſame 
view I write and ſend you this additional paper. If it 
happens to bring you nothing new (which may well be, 


conſidering the number of ingenious men in Europe, con- 


Sein engaged in the fave mb 
ſhow, that the inſtruments put into our hands are not ne- 
glected; and, that if no valuable diſcoveries are made by 
vs, whatever the cauſe may be, it is not want of ö 


and spplication | 
| F am ä 


Nur much obliged 
Humble Servant, 


B. FRANKLIN: 


* 
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OPINIO NS aud CON IE C TURES, 1 
concerning the Properties and Effects of the | 
electrical Matter, arifng from Experiments R 
and Obfervation, made at Philadelphia, 174 9. 1 


8. 1. H E electrical matter conſiſts of particles ex- | 
tremely fubtile, ſince it can permeate com- . 

mon matter, even the denſeſt metals, with ſuch eaſe and | : 
freedom as not to receive any perceptible reſiſtance. 1 
2. If any one ſhould doubt whether the electrieal mat- 1 
ter paſſes thro the ſubſtance of bodies, or only over and 4 
along their furfaces, a ſhock from an electrified large glaſs | - 
Jar, taken through his own body, will probably e convince 4 


Him. | 
3. Electrical matter differs from common matter in this | 
hat the parts of the latter mutually attract, thoſe of the 
former mutually repel, each other. Hence the appearing 
divergency in a ſtream of eleQrified effluvia. 
4. But though the particles of electrical matter do re- 
pel each other, they are Kat attracted by all other 
matter *. 


Kot, * 


Obſervations n ELECTRICITY, RY 
5. From theſe three things, the extreme ſubtilty of the 
electrical matter, the mutual repulſion of its parts, and the 
ſtrong attraction between them and other matter, ariſe this 
effect, that, when a quantity of electrical matter is ap- 
plied to a maſs of common matter, of any bigneſs or length, 
within our obſervation (which hath not already got its 
quantity) it is W and 1 — diffuſed — 
the whole. 
6. Thus common matter is a kind of ſpunge to the 
electrical fluid. And as a ſpunge would receive no water 
if the parts of water were not ſmaller than the pores 
of the ſpunge; and even then but lowly, if there were 
not a mutual attraction between thoſe parts and the parts 
of the ſpunge ; and would ftill imbibe it faſter, if the 
mutual attraction among the parts of the water did not 
impede, ſome force being required to ſeparate them; and 
faſteſt, if, inſtead of attraction, there were a mutual repul- 
ſion among thoſe parts, which would act in conjunction 
with the attraction of the ſpunge. So is the caſe between 
the electrical and common matter. | 
7. But in common matter there is generally) as much 
of the electrical as it will contain within its ſubſtance. If 
more is added, it lies without upon the ſurface, and forms 
what we call an electrical eee and then the body 
is ſaid to be electrified. | 
8. Tis ſuppoſed, that all kinds of common matter do 
not attract and retain the electrical, with equal ſtrength and 
force, for reaſons to be given hereafter, And that thoſe: 


56 ew Experiments and 


called electrics per ſe, as glaſs, &c. attract and retain it 
ſtrongeſt, and contain the greateſt quantity. 


9. We know that the electrical fluid is 12 W 


matter, becauſe we can pump it cut by the globe or tube. 


We know that common matter has near as much as it can 


contain, becauſe, when we add a little more to any por- 
tion of it, the additional quantity does not enter, but forms 
an electrical atmoſphere. And we know that common 
matter has not (generally) more than it can contain, other- 
wiſe all looſe portions of it would repel each other, as 
they conſtantly do when they have electric atmoſpheres. 

10. The beneficial uſes. of this electric fluid in the 
creation, we are not yet well acquainted with, though 


doubtleſs ſuch there are, and thoſe very conſiderable; but 


we may ſee ſome pernicious conſequences that would at- 
tend a much greater proportion of it. For had this globe 


we live on, as much of it in proportion as we can give to a 
globe of iron, wood, or the like, the particles of duſt and 


other light matters that get looſe from it, would, by virtue 


of their ſeparate electrical atmoſpheres, not only repel each 


other, but be repelled from the earth, and not eaſily be 
brought to unite with it again; whence our air would 


continually be more and more clogged with foreign mat - 


ter, and grow unfit for reſpiration. This affords another 


occaſion of adoring that wiſdom which has made all things 


by weight and meaſure ! 


11, If a piece of common matter be ſuppoſed entirely | 
| free from electrical matter, and a fingle particle of the 


; | latter 


= £9 


ase on ELECTRICITY, 57 
latter be brought nigh, it will be attracted, and enter the 


body, and take place in the center, or where the attraction 
is every way equal. If more particles enter, they take 
their places where the balance is equal between the at- 


traction of the common matter, and their own mutual re- 
pulſion. Tis ſuppoſed they form triangles, whoſe ſides 


ſhorten as their number increaſes ; 'till the common mat- 


ter has drawn in ſo many, that its whole power of com- 
preſſing thoſe triangles by attraction, is equal to their whole 
power of expanding themſelves by repulſion ; and then 
will ſuch piece of matter receive no more. 

12, When part of this natural proportion of electrical 
fluid is taken out of a piece of common matter, the trian- 
gles formed by the remainder, are ſuppoſed to widen by 
the mutual repulſion of the parts, until they occupy the 


whole piece. 
13. When the quantity of electrical fluid, taken from a 


piece of common matter, is reſtored again, it enters, the 

expanded triangles being again compreſſed till there is room 

for the whole. ä | 
14. To explain this: take two apples, or two 5: of 


wood or other matter, each having its own natural quantity 


of the electrical fluid. - Suſpend them by {ilk lines from the 
cieling. Apply the wire of a well- charged vial, held in 
your hand, to one of them (A) Fig. 7, and it will receive 
from the wire a quantity of the electrical fluid; but will 


not imbibe it, being already full. The fluid therefore will 


flow round its ſurface, and form an electrical atmoſphere. 
1 | 9 
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22 


Bring A into contact with B, and half the electrical fluid 


is communicated, ſo that each has now an electrical at- 
moſphere, and therefore they repel each other. Take 
away theſe atmoſpheres by touching the balls, and leave 


them in their natural ſtate: then, having fixed a ſtick of 
ſealing- wax to the middle of the vial to hold it by, apply 


the wire to A, at the ſame time the coating touches B. 


Thus will a quantity of the electrical fluid be drawn out 


of B, and thrown on A. So that A will have a redun- 
dance of this fluid, which forms an atmoſphere round it, 


and B an exactly equal deficiency. Now, bring theſe | 
balls again 'into contact, and the eleQrical atmoſphere 


will not be divided between A and B, into two ſmaller 
atmoſpheres as before ; for B will drink up the whole at- 
moſphere of A, and both will be found _ in their na- 
tural Gate. 

15. The form of the electrical atmoſphere is that of the 
body it ſurrounds. This ſhape may be rendered viſible 
in a till air, by raifing a ſmoke from dry rofin, dropt into 
a hot tea-ſpoon under the electriſed body, which will be. 


attracted, and ſpread itſelf equally on all fides, covering 


and concealing the body*. And this form it takes, be- 
cauſe it is attracted by all parts of the ſurface of the body, 


though it cannot enter the ſubſtance already replete. 


Without this attraction, it would notremain round the bo- 
Wa but 2 in the air. 
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Observations on ELECTRICITY. 59 
16. The atmoſphere of electrical particles ſurrounding 
an electriſied ſphere, is not more diſpoſed to leave it, or 
more eaſily drawn off from any one part of the ſphere than 
from another, becauſe it is equally attracted by every part. 
But that is not the caſe with: bodies of any other figure. 
From a cube it is more eaſily drawn at the corners than 
at the plane ſides, and ſo from the angles of a body of any 
other form, and till moſt eaſily from the angle that is moſt 


acute. Thus if a body ſhaped as A,B,C,D,E, in Fig. 8. 


be electrified, or have an electrical atmoſphere communi- 
cated to it, and we conſider every ſide as a baſe on which 
the particles reſt, and by which they are attracted, one 


may ſee, by imagining a line from A to F, and another 


from E to G, that the portion of the atmoſphere included 
in F, A, E, G, has the line A E for its baſis. So the por- 
tion of atmoſphere included in H, A, B, I, has the line 
A, B, for its baſis. And likewiſe the portion included 
in K, B, C, L, has B, C, to reſt on; and ſo on the 
other ſide of the figure. Now if you would draw off 
this atmoſphere with any blunt ſmooth body, and ap- 


proach the middle of the fide A, B, you muſt come 


very near, before the force of your attracter exceeds the 
force or power with which that ſide holds its atmoſphere: 
But there is a ſmall portion between I, B, K, that has leſs of 
the ſurface to reſt on, and to be attracted by, than the neigh- 
bouring portions, while at the ſame time there is a mutual 
repulſion between its particles, and the particles of thoſe 


portions, therefore here you can get it with more eaſe, or at 


I 2 | a great- 


bo. Mew Experiments and 


a greater diſtance, Between F, A, H, there is a larger por- 


tion that has yet a leſs ſurface to reſt on, and to attract it; 
here therefore you can get it away ſtill more eaſily. But 
eaſieſt of all between L,C,M, where the quantity is largeſt, 
and the ſurface to attract and keep it back the leaſt. 
When you have drawn away one of theſe angular portions 
of the fluid, another ſucceeds in its place, from the na- 
ture of fluidity and the mutual repulſion before-mentioned ; 


and ſo the atmoſphere continues flowing off at ſuch angle, 
like a ſtream, till no more is remaining. The extremities _ 


of the portions of atmoſphere, over theſe angular parts, are 
likewiſe at a greater diſtance from the electrified body, as 
may be ſeen by the inſpection of the above figure; the 
point of the atmoſphere of the angle C, being much far- 
ther from C, than any other part of the atmoſphere over 


the lines SB,. or B, A: And, beſides the diſtance ariſing 


from the nature of the figure, where the attraction i is leſs, 
the particles will naturally expand to a greater diſtance by 
their mutual repulſion. On theſe accounts we ſuppoſe e- 


lectrißed bodies diſcharge their atmoſpheres upon unelec- 


trified bodies more eaſily, and at a greater ' diſtance from 
their angles and points than from their ſmooth ſides. — 
Thoſe points will alſo diſcharge into the air, when the bo- 
dy has too great an electrical atmoſphere, without bring- 
ing any non electric near, to receive what is thrown off: 
For the air, though an electric per ſe, yet has always more 
or leſs water and other non- electric matters mixed with it: 
and theſe attract and receive what is ſo diſcharged. | 
| 17. But 
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Obſervations on ELECTRICITY, 61 
17. But points have a property, by which they draw an 


as well as throw off the electrical fluid, at greater diſtances 


than blunt bodies can. That is, as the pointed part of an 


electrified body will diſcharge the atmoſphere of that body, 
or communicate it fartheſt to another body, ſo the point 
of an unelectrified body will draw off the electrical atmo- 
ſphere from an electrified body, farther than a blunter'part 
of the ſame unele&trified body will do. Thus a pin held 
by the head, and the point preſented to an electrified body, 
will draw off its atmoſphere at a foot diſtance ; where, if 


the head were preſented inſtead of the point, no ſuch effect 


LY 


would follow. To underſtand this, we may conſider, 


that if a perſon ſtanding on the floor would draw off the 
electrical atmoſphere. from an eleQtified body, an iron 
crow and a blunt knitting-needle held alternately in his 


hand, and preſented for that purpoſe, do not draw. with 


different forces in proportion to their different maſſes. 
For the man, and what he holds in his hand, be it large 
or ſmall, are connected with the common mal of un- 
electrified matter; and the force with which he. draws is 


the fame i in both caſes, it conſiſting, in the different pro- 


portion of electricity in the electrified body, and that com 
mon maſs. But the force with which the electrified body 


retains its atmoſphere by attracting it, is proportioned to 
the ſurface over which the particles are placed; 1. e four 


ſquare inches of that ſurface retain their atmoſphere with 


four times the force that one ſquare. inch retains its at- 
aq rye And as in N the hairs from the borſe 8 
* . l - tall, 
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tail, a degree of ſtrength not ſufficient to pull away a handful 


at once, could yet eaſily ſtrip it hair by hair; ſo a blunt 
body preſented cannot draw off a number of part icles at 
once, but a pointed one, with no. greater force, takes them 
away eaſily, particle by particle. 

18. Theſe explanations of the power and 8 of 
points, when they firſt occurr'd to me, and while they 
firſt floated in my mind, appeared perfectly ſatisfactory; 
but now I have wrote them, and conſidered them more 
cloſely in black and white, I muſt own I have ſome 
doubts about them ; yet, as I have at preſent nothing bet- 
ter to offer in their ſtead, I do not croſs them out : for 
even a bad ſolution read, and its faults diſcovered, has of- 
ten given riſe to a _ one, in the mind of an ingenious 
reader. 5 

19. Nor is it of much importance to us, to know the 
manner in which nature executes her laws ; tis enough 
if we know the laws themſelves. *Tis of real uſe to know 
that china left in the air unſupported will fall and break; 


but how it comes to fall, and why it breaks, are matters of | 
ſpeculation. *Fis a pleafure indeed to know them, but 


we can preſerve our china without it. 
20. Fhus in the preſent caſe, to know this power of 
points, may poſſibly be of ſome uſe to mankind, though 
we ſhould never be able to explain it. The following 
experiments, as well as thoſe in my firſt paper, ſhew. this 
power. I have a large prime conductor, made of ſeveral 
thin ſheets of clothier's paſteboard, form'd into a tube, near 
| 8 
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ten feet long and a foot diameter. It is cover'd with 


Dutch emboſs'd paper, almoſt totally gilt. This large 
metallic ſurface ſupports a much greater electrical atmo- 


ſphere than a rod of iron of 50 times the weight would 
do. It is ſuſpended by filk lines, and when charged will 


ſtrike at near two inches diſtance, a pretty hard ſtroke, 
ſo as to make ones knuckle ach. Let a perſon ſtanding 
on the floor preſent the point of a needle at x2 or more 


inches diſtance from it, and while the needle is ſo pre- 
ſented, the conductor cannot be charged, the point draw- 


ing off the fire as faſt as it is thrown on by the electrical 
globe. Let it be charged, and then preſent the point at 
the ſame diſtance, and it will ſuddenly be diſcharged. In 
the dark you may ſee a light on the point, when the ex- 
periment is made. And if the perſon holding the point 
ſtands upon wax, he will be electrified by receiving the 


fire at that diſtance. Attempt to draw off the electricity 


with a blunt body, as a bolt of iron round at the end, and 
fmooth (a ſilverſmith's iron punch, inch thick, is what I 
uſe) and you muſt bring it within the diſtance of three 


inches before you can do it, and then it is done with a 


ſtroke and crack. As the paſteboard fube hangs loofe on 


fllk lines, when you approach it with the punch iron; it 


likewiſe will move towards the punch, being attracted 


while it is charged; but if, at the fame inſtant, a point 


be preſented as before, it retires again, for the point diſ- 


charges it. Take a pair of large braſs ſeales, of toro or 
more feet beam, the cords of the ſcales being ſilk, Suſ- 


pend 
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pend the beam by a pack- thread from the cieling, ſo that 
the bottom of the ſcales may be about a foot from the 
floor: The ſcales will move round in a circle by the un- 
twiſting of the packthread. Set the iron punch on the 
end upon the floor, in ſuch a place as that the ſcales may 


paſs over it in making their circle : Then electrify one 


ſcale, by applying the wire of a charged phial to it. As 
they move round, you ſee that ſcale draw nigher to the 
floor, and dip more when it comes over the punch ; and 
if that be placed at a proper diſtance, the ſcale will ſnap 
and diſcharge its fire into it. But if a needle be ſtuck on 
the end of the punch, its point upwards, the ſcale, inſtead 
of drawing nigh to the punch, and ſnapping, diſcharges 
its fire filently through the point, and riſes higher from 


the punch. Nay, even if the needle be placed upon the. 
floor near the punch, its point upwards, the end of the 


punch, tho' ſo much higher than the needle, will not at- 
tract the ſcale and receive its fire, for the needle will get 


it and convey it away, before it comes nigh enough for | 


the punch to act. And this is conſtantly obſervable in 


theſe experiments, that the greater quantity of electricity 


on the paſteboard tube, the farther it ſtrikes or diſcharges 
its fire, and the point h wil draws it coat at a Rill 


3 diſtance. 
Now if the fire of decrieity * wa of -Vightaing be 


the fame, as I have endeavoured to ſhew at large, in a 


former paper, this paſteboard tube and theſe ſcales may 
repreſent eleRrified Gouda... | if a tube of only ten feet 


long 
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hos will ſtrike and diſcharge its fire on the punch at 
two or three inches diſtance, an electrified cloud of per- 


| haps 10,000 acres may ftrike and diſcharge on the earth 


at a proportionably greater diſtance. The horizontal mo- 
tion of the ſcales over the floor, may repreſent the mo- 
tion of the clouds over the earth; and the erect iron 


punch, a hill or high building; and then we ſee how 


electrified clouds paſting over hills or high buildings at 
too great 4 height to ſtrike, may be attracted lower till 


within their ſtriking diſtance, And laſtly, if a needle 
fixed on the punch with its point upright, or even on the 


floor below the punch, will draw the fire from the ſcale 
ſilently at a much greater than the ſtriking diſtance, and 
ſo prevent its deſcending towards the punch; or if in its 
courſe it would have come nigh enough to ſtrike, yet be- 
ing firſt deprived of its fire it cannot, and the punch is 
thereby ſecured from the ſtroke. I fay, if theſe things 
are ſo, may not the knowledge of this power of points 
be of uſe to mankind, in preſerving houſes, churches, 
ſhips, &c. from the ſtroke of lightning, by direQing us 
to fix on the higheſt parts of thoſe edifices, upright rods 
of iron made ſharp as a needle, and gilt to prevent ruſt- 
ing, and from the foot of thoſe rods a wire down the 
outſide of the building into the ground, or down round 
one of the ſhrouds of a ſhip, and down her fide till it 
reaches the water? Would not theſe pointed rods proba- 
bly draw 8 clerical fire ſilently out of a cloud before 

| K it 
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it came e nigh enough to ſtrike, and thereby ſecure us from 
that moſt ſudden and terrible miſchief ? 

21. To determine the queſtion, whether the clouds 
that contain lightning are electrified or not, I would pro- 
pole an experiment to be try'd where it may be done con- 
veniently. On the top of ſome high tower or ſteeple, place 
a kind of centry-box (as in F16. 9.) big enough to contain 
a man and an electrical ſtand. From the middle of the ſtand ; 
let an iron rod riſe and paſs bending out of the'door, and 
then upright 20 or 3o feet, pointed very ſharp at the end. 
If the electrical ſtand be kept clean and dry, a man ſtand- 
ing on it when ſuch clouds are paſſing low, might be elec- 
trified and afford ſparks, the rod drawing fire to him from 
a cloud. If any danger to the man ſhould be apprehended 
(though I think there would be none) let him ſtand on 
the floor of his box, and now and then bring near to the 
10d the loop of a wire that has one end faſtened to the 
leads, he holding it by a wax handle; ſo the ſparks, if 
the rod is electrified, will ſtrike from the rod to the wire, 
and not affect him. 

22. Before I leave this ſubject of lightning, 1 may men- 
tion ſome other ſimilarities between the effects of that, 
and thoſe of electricity. Lightning has often been known 
to ſtrike people blind. A pigeon that we ſtruck dead to 
appearance by the electrical ſhock, recovering life, drooped 
about the yard ſeveral days, eat nothing, though crumbs 
were thrown to it, but declined and died. We did not 
think of its being deprived of ſight; but afterwards a 

pullet 
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pullet ſtruck dead in like manner, being recovered by re- 
peatedly blowing into its lungs, when ſet down on the 
floor, ran headlong againſt the wall, and on examination 
appeared perfectly blind. Hence we concluded that the 
pigeon alſo had been abſolutely blinded by the ſhock. 
The biggeſt animal we have yet killed, or tried to kill, 
with the electrical ſtroke, was a well-grown pullet. | 

23. Reading in the ingenious Dr Miles's account of 
the thunder ſtorm at Stretham, the effect of the lightning 
in ſtripping off all the paint that had covered a gilt 
moulding of a pannel of wainſcot, without hurting the 
reſt of the paint, I had a mind to lay a coat of paint over 
the filletting of gold on the cover of a book, and try the 
effect of a ſtrong electrical flaſh ſent through that gold 
from a charged ſheet of glaſs. But having no paint at 
hand, I paſted a narrow ſtrip of paper over it; and when 
dry, ſent the flaſh through the gilding, by which the paper 
was torn off from end to end, with ſuch force, that it was 
broke in ſeveral places, and in others brought away part of 
the grain of the Turky-leather in which it was bound ; 
and convinced me, that had it been painted, the paint 
would have been ſtript of in the ſame manner with that 
on the wainſcot at Stretham. 

24. Lightning melts metals, and I hinted in my paper | 
on that ſubje&, that I ſuſpected it to be a cold fuſion ; 
I do not mean a fuſion by force of cold, but a fuſion 
without heat . We have alſo melted gold, ſilver, and 


dee note in page 49. 


copper, 
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copper, in ſmall quantities, by the electrical flaſh. The 
manner is this: Take leaf gold, leaf filver, or leaf gilt 
copper, commonly called leaf braſs, or Dutch gold; 
cut off from the leaf long narrow ſtrips, the breadth of a 
ſtraw. Place one of theſe ſtrips between two ſtrips of 
ſmooth glaſs that are about the width of your finger. If 
one ſtrip of gold, the length of the leaf, be not long e- 
nough for the glaſs, add another to the end of it, ſo that 
you may have a little part hanging out looſe at each end 
of the glaſs. Bind the pieces of glaſs together from end 
to end with ſtrong ſilk thread; then place it ſo as to be 
part of an electrical circuit, (the ends of gold hanging out 
being of uſe to join with the other parts of the circuit) 
and ſend the flaſh through it, from a large electrified 
jar or ſheet of glaſs. Then if your ſtrips of glaſs remain 
whole, you will ſee that the gold is miſſing in ſeveral 
places, and inſtead of it a metallic ſtain on both the 
glaſſes; the ſtains on the upper, and under glaſs exactly 
ſimilar in the minuteſt ſtroke, as may be ſeen by holding 
them to the light; the metal appeared to have been not 
only melted, but even vitrified, or otherwiſe ſo driven 
into the pores of the glaſs, as to be protected by it from 
the action of the ſtrongeſt Agua Fortis, or Aqua Regia. 1 
ſend you encloſed two little pieces of glaſs with theſe 
metallic ſtains upon them, which cannot be removed with - 
out taking part of the glaſs with them. Sometimes the 
ſtain ſpreads a little wider than the breadth of the leaf, 
and looks brighter at the edge, as by inſpecting cloſely 
| | you 


* 
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you may obſerve in theſe, Sometimes the glaſs breaks 


to pieces; once the upper glaſs broke into a thouſand pieces, 
looking like coarſe ſalt. Theſe pieces I ſend you were 
ſtain'd with Dutch gold. True gold makes a darker ſtain, 
ſomewhat reddiſh ; ves a greenith ſtain, We once took 
two pieces of thick looking-glaſs, as broad as a Gunter's 
ſcale, and fix inches long; and placing leaf- gold between 
them, put them between two ſmoothly plain'd pieces of 
wood, and fix'd them tight in a book-binder's ſmall preſs; 

yet though they were ſo cloſely confined, the force of the 
electrical ſhock ſhivered the glaſs into many pieces. The 
gold was melted, and ſtain'd into the glaſs, as uſual. The 
circumſtances of the breaking of the glaſs differ much in 


making the experiment, and ſometimes it does not break 


at all : but this is conſtant, that the ſtains in the upper and 
under pieces are exact counterparts of each other. And 
though I have taken up the pieces of glaſs between my 
fingers immediately after this melting, I never could per- 
ceive the leaſt warmth in them. | 

25. In one of my former papers, I mentioned, that, 
gilding on a book, though at firſt it communicated the 
ſhock perfectly well, yet failed after a few experiments, 
which we could not account for. We have ſince found 
that one ſtrong ſhock breaks the continuity of the gold 
in the filletting, and makes it look rather like duſt of 
gold, abundance of its parts being broken and driven off; 


and it will ſeldom conduct above one ſtrong ſhock. Per- 


haps this may be the FO : When there i is not a perfect 
continuity 


4. 
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continuity in the circuit, the fire muſt leap over the va- 
cancies : There 1s a certain diſtance which it is able to 
leap over according to its ſtrength ; if a number of 
ſmall vacancies, though each. be very minute, taken to- 
gether exceed that diſtance, it cannot leap over them, and 
ſo the ſhock is prevented. | | 

26. From the before-mentioned law of 3 that 
points as they are more or leſs acute, draw on and 
throw off the electrical fluid with more or leſs power, 
and at greater or leſs diſtances, and in larger or ſmaller 
quantities in the ſame time, we may ſee how to account 
for the ſituation of the leaf of gold ſuſpended between 
two plates, the upper one continually electrified, the un- 
der one in a perſon's hand ſtanding on the floor. When 
the upper plate is electrified, the leaf is attracted, and 
raiſed towards it, and would fly to that plate, were it not 
for its own points. The corner that happens to be up- 
permoſt when the leaf is riſing, being a ſharp point, from 
the extream thinneſs of the gold, draws and receives at 
a diſtance a ſufficient quantity of the electric fluid to 
give itſelf an electric atmoſphere, by which its progreſs 
to the upper plate is. ſtopt, and it begins to be repelled 
from that plate, and would be driven back to. the 
under plate, but that its loweſt corner is likewiſe a 
point, and throws off or diſcharges the overplus of the 
leaf's atmoſphere, as faſt as the upper corner draws it 
on. Were theſe two points perfectly equal in acuteneſs, 


the leaf would take place exactly in the middle ſpace, 
. | for 
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for its weight is a trifle, compared to the power acting 
on it: But it is generally neareſt the unelectrified plate, 
becauſe, when the leaf is offered to the electrified plate, 
at a diſtance, the ſharpeſt point is commonly firſt affected 


and raiſed towards it; ſo that point, from its greater 


acuteneſs, receiving the fluid faſter than its oppoſite can 


diſcharge it at equal diſtances, it retires from the electri- 


fied plate, and draws nearer to the unelectrified plate, 


till it comes to a diſtance where the diſcharge can be ex- 


actly equal to the receipt, the latter being leſſened, and 
the former encreaſed ; and there it remains as long as the 


globe continues to ſupply freſh electrical matter. This 
will appear plain, when the difference of acuteneſs in 


the corners is made very great. Cut a piece of Dutch 
gold {which is fitteſt for theſe experiments on account of 
its greater ſtrength) into the form of FIG. 10. the up- 


per corner a right angle, the two next obtuſe angles, . 


and the loweſt a very acute one; and bring this on your 


plate under the electrified plate, in ſuch a manner as 


that the right-angled part may be firſt raiſed. (which is 


done by covering the acute part with the hollow of your 
hand) and you will ſee this leaf take place much nearer 
to the upper than the under plate; becauſe without 


being nearer, it cannot receive ſo faſt at its right-angled 
point, as it can diſcharge at its acute one. Turn this 


leaf with the acute part uppermoſt, and then it takes 


place neareſt the unelectrified plate; becauſe, otherwiſe, 
it receives faſter at its acute point than it can diſcharge 
| at 
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at its right-angled one. Thus the difference of diſtance 


is always proportioned to the difference of acuteneſs. 
Take care in cutting your leaf, to leave no little ragged 


particles on the edges, which ſometimes form points 
where you would not have them. You may make this 


figure ſo acute below, and blunt above, as to need no under 


— 


plate, it diſcharging faſt enough into the air. When it is 
made narrower, as the figure between the pricked lines, 
we call it the Golden F. , from its manner of ating, For 
if you take it by the tail, and hold it at a foot or greater 

horizontal diſtance from the prime conductor, it will, 
when let go, fly to it with a briſk but wavering motion, 
like that of an cel through the water; it will then take 


palace under the prime conductor, at perhaps a quarter 


or half an inch diſtance, and keep a continual ſhaking of 
its tail like a fiſh, fo that it ſeems animated. Turn its tail 
towards the prime conductor, and then it flies to your 
finger, and ſeems to nibble it. And if you hold a plate 
under it at ſix or eight inches diſtance, and ceaſe turning 
the globe, when the electrical atmoſphere of the conduc- 
tor grows ſmall, it will deſcend to the plate and ſwim back 
again ſeveral times with the ſame fiſh-like motion, greatly 
to the entertainment of ſpectators. By a little practice in 
blunting or ſharpening the heads or tails of theſe figures, 
you may make them take place as deſired, nearer or farther 
from the elerified plate. | 

27. It is ſaid in Section 8, of this paper, chat all kinds of 
common matter are ſuppoſed not to attract the electrical 


fluid 8 
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fluid with equal ſtrength ; and that thoſe called electrics 
per ſe, as glaſs, &c. attract and retain it ſtrongeſt, and con- 
tain the greateſt quantity. This latter poſition may ſeem 
a paradox to ſome, being contrary to the hitherto received 
opinion ; and therefore I ſhall now endeavour to explain it. 

28. In order to this, let it firſt be conſider'd, that wwe 
cannot by any means we are yet acquainted with, force the 
electrical fluid thro' glaſs. I know it is commonly thought 
that it eaſily prevades glaſs; and the experiment of a feather 
ſuſpended by a thread, in a bottle hermetically ſealed, yet 


moved by bringing a rubbed tube near the outſide of the 


bottle, is alledged to prove it. But, if the electrical fluid 


ſo eaſily pervades glaſs, how does the vial become charged 


(as we term it) when we hold it in our hands? Would 
not the fire thrown in by the wire, paſs through to our 


hands, and ſo eſcape into the floor? Would not the bot- 
tle in that caſe be left juſt as we found it, uncharged, as 


we know a metal bottle ſo attempted to be charged would 
be? Indeed, if there be the leaſt crack, the minuteſt 
ſolution. of continuity in the glaſs, though it remains ſo 


tight that nothing elſe we know of will paſs, yet the ex- 


tremely ſubtile electric fluid flies through ſuch a crack 
with the greateſt freedom, and ſuch a bottle we know 
can never be charged : What then makes the difference 
between ſuch a bottle and one that is ſound, bat this, that 
the fluid can paſs through the one, and not 3 _ 
other * ? N 


* See the firſt ſixteen Seftions of the former paper, — Farther Ex- 
Perimenti, &c. | 
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29. It is true, there is an experiment that at firſt fight 
would be apt to ſatisfy a flight obſerver, that the fire 
thrown into the bottle by the wire, does really paſs thro' 

the glaſs. Tt is this: place the bottle on a glaſs ſtand, un- 
der the prime conductor; ſuſpend a bullet by a chain from 
the prime conductor, till it comes within a quarter of an 


inch right over the wire of the bottle; place your knuckle 


on the glaſs ſtand, at juſt the ſame diſtance from the 
coating of the bottle, as the bullet is from its wire, Now 
let the globe be turned, and you ſee a ſpark ſtrike from 
the bullet to the wire of the bottle, and the ſame inftant 
you ſee and feel an exactly equal ſpark ſtriking from the 
coating on your knuckle, and ſo on, ſpark for ſpark. This 
looks as if the whole received by the bottle was again 
diſcharged from it. And yet the bottle by this means is 
charged i And therefore the fire that thus leaves the 
bottle, though the ſame in quantity, cannot be the very 
ſame fire that entered at the wire, for if it were, the bottle 
would remain uncharged. 

30. If the fire that ſo leaves the bottle be not che bus 
that is thrown in through the wire, it muſt be fire that ſub- 
fiſted in the bottle, (that is, in the = of the bottle) be- 
fore the operation began. 

31. If fo, there muſt be a great quantity in glaſs, be- 
cauſe a great * is thus * even from very, 
thin glaſs. | 
| See Seck. 16, of Firthir Buperiments, O: 1 

Ste Seck. 16; of ——— 35 That 
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32. That this electrical fluid or fire is ſtrongly attracted 
by glaſs, we know from the quickneſs and violence with 
which it is reſumed by the part that had been deprived of 

it, when there is an opportunity. And by this, that we 
cannot from a maſs of glaſs, draw a quantity of electric 
fire, or electrify the whole maſs minus, as we can a maſs 
of metal. We cannot leſſen or increaſe its whole quanti- 
ty, for the quantity it has it holds; and it has as much as 
it can hold. Its pores are filled with it as full as the mu- 
tual repellency of the particles will admit; and what is al- 
ready in, refuſes, or ſtrongly repels, any additional quantity. 
Nor have we any way of moving the electrical fluid in 
glaſs, but one; that is, by covering part of the two ſur- 
faces of thin glaſs with non- electrics, and then throwing 
an additional quantity of this fluid on one ſurface, which 
ſpreading in the non- electric, and being bound by it to 
that ſurface, acts by its repelling force on the particles of 
the electrical fluid contained in the other ſurface, and drives 
them out of the glaſs into the non- electric on that ſide, 
from whence they are diſcharged, and then thoſe added 
on the charged ſide can enter. But when this is done, 
there is no more in the glaſs, nor leſs than before, juſt as 
much having left it on one ſide as it received on the other. 

33. I feel a want of terms here, and doubt much whe- 
ther I ſhall be able to make this part intelligible. By the 
. word. ſurface, in this caſe, I do not mean mere length and 
| breadth without thickneſs ; but when I ſpeak of the up- 
per or under ſurface of a piece of glaſs, the outer or in- 
| LE 
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ner ſurface of the vial, I mean length, breadth, and half 
the thickneſs, and beg the favour of being ſo underſtood. 
Now, I ſuppoſe, that glaſs in its firſt principles, and in the 
furnace, has no more of this electrical fluid than other 
common matter: That when it is blown, as it cools, and 
the particles of common fire leave it, its pores become a 
vacuum: That the component parts of glaſs are extremely 
ſmall and fine, I gueſs from its never ſhowing a rough | 
face when it breaks, but always a poliſh'; and from the 
ſmallneſs of its particles I ſuppoſe the pores between them 
muſt be exceeding ſmall, which is the reaſon that aqua- 
fortis, nor any other menſtruum we have, can enter to ſe- 
parate them and diſſolve the ſubſtance ; nor is any fluid 
we know of, fine enough to enter, except common fire, 
and the electric fluid. Now the departing fire leaving 
a vacuum, as aforeſaid, between theſe pores, which air 
nor water are fine enough to enter and fill, the electric 
fluid, (which is every where ready in what we call the 
| non-electrics, and in the non- electric mixtures that are in 
the air) is attracted in; yet does not become fixed with the 
ſubſtance of the glaſs, but ſubſiſts there as water in a po- 
rous ſtone, retained only by the attraction of the fixed 
parts, itſelf ſtill looſe and a fluid. But I ſuppoſe farther, 
that in the cooling of the glaſs, its texture becomes cloſeſt 
in the middle, and forms a kind of partition, in which the 
pores are ſo narrow, that the particles of the electrical 
fluid, which enter both ſurfaces at the ſame time, cannot 
go 1 or paſs and repaſs from one ſurface to the 
other, 
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other, and ſo mix together; yet, though the particles of 
electric fluid, imbibed by each ſurface, cannot themſelves 
paſs through to thoſe of the other, their repellency can, 
and by this means they act on one another. The particles 
of the electric fluid have a mutual repellency, but by the 
power of attraction in the glaſs they are condenſed or 
forced nearer to each other, When the glaſs has received, 
and, by its attraction, forced cloſer together ſo much of 
this electric fluid, as that the power of attracting and 
condenſing in the one, is equal to the power of expanſion 
in the other, it can imbibe no more, and that remains its 
_ conſtant whole quantity; but each ſurface would receive 
more, if the repellency of what is in the oppoſite ſurface 
did not reſiſt its entrance. The quantities of this fluid in 
| each ſurface being equal, their repelling action on each 
other is equal; and therefore thoſe of one ſurface cannot 
drive out thoſe of the other; but, if a greater quantity is 
forced into one ſurface than the glaſs would naturally 
draw in, this increaſes the repelling power on that fide, 
and overpowering the attraction on the other, drives out 
part of the fluid that had been imbibed by that ſurface, if 
there be any non- electric ready to receive it: ſuch there is 
in all caſes where glaſs is electrified to give a ſhock. The 
ſurface that has been thus emptied by having its electrical 
fluid driven out, reſumes again an equal quantity with vio- 
lence, as ſoon as the glaſs has an opportunity to diſcharge 
that over quantity more than it could retain by attraction 
in its other ſurface, by the additional repellency of which 
| | the 
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the vacuum had been occaſioned. For experiments fa- 
vouring (if I may not fay confirming) this hypotheſis, 1 
muſt, to avoid repetition, beg leave to refer you back to 
what is faid of the electrical phial in my former pa- 
pers. - | | | 
34. Let us now ſee how it will account for ſeveral 
other appearances.—Glaſs, a body extremely elaſtic (and 
perhaps its elaſticity may be owing in ſome degree to the 
ſubſiſting of fo great a quantity of this repelling fluid 
in its + pores) muſt, when rubbed, have its rubbed ſur- 
face ſomewhat ftretched, or its ſolid ' parts:drawn a little 
far cher aſunder, ſo that the vacancies in which the elec- 
trical fluid reſides, become larger, affording. room for 
more of that fluid, which is immediately attracted into it 
from the cuſhion or hand rubbing, they being ſupplied 
from the common ſtock. But the inſtant the parts of the 
glaſs, ſo opened and filled, have paſſed the friction, they 
cloſe again, and force the additional quantity out upon 
the ſutface, where it muſt reſt till that part comes round 
tothe cuſhion again, unleſs ſome non: electric (as the 
prime - conductor) firſt preſents to receive it k. But if the 
inſide of the globe be lined with a non- electric, the ad- 
ditional repellency of the electrical fluid, thus collected 


In the dark the electric fluid may be ſeen on the cuſhion in two ſe- 
mi, circles or half-moons, one on the fore part, the other on the hack part 
of the cuſhion, juſt where the globe and cuſhion ſeparate. In the fore 


dreſcent the fire is paſſing out of the cuſhion into the glaſs; in the other 


it is leaving the glaſs, and returning into the back part of the cuſhion. 
When the prime conductor is apply d to take it off the glaſs, the back 
Cteſcent diſapp ears. 1 | TEE | 
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by friction on the rubb'd part of the globe's outer ſur- 
face, drives an equal quantity out of the inner ſurface into 


that non- electric lining, which receiving it, and carrying 


it away from the rubb'd part into the common maſs, 
through the axis of the globe, and frame of the ma- 
chine, the new collected electrical fluid can enter and re- 


main in the outer ſurface, and none of it (or a very little) 


will be received by the prime conductor. As this charg'd. 
part of the globe comes round to the cuſhion again, the 
outer ſurface delivers its overplus fire into the cuſhion, the 
oppoſite inner ſurface receiving at the ſame time an equal 
quantity from the floor. Every electrician knows that a 
globe wet within will afford little or no fire, but the rea- 
ſon has not before been e to be given, that I 
know of. 

34. So if a tube lined with a * W be rubb'd, 
little or no fire is obtained from it. What is collected 
from the hand in the downward rubbing ſtroke, entering 
the pores of the glaſs, and driving an equal quantity out 
of the inner ſurface into the non- electric lining: and the 
hand in paſſing up to take a ſecond ſtroke, takes out 
again what had been thrown into the outer ſurface, and 
then the inner ſurface receives back again what it had 
given to the non-eledtric lining, Thus the particles of 
electrical fluid belonging to the inſide ſurface go in and 
out of their pores every ſtroke given to the tube. Put a 


a Gilt Paper, with the gilt face next the glaſs, does well. 
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wire into the tube, the inward end in contact with the 
non- electric lining, ſo it will repreſent the Leyden bottle. 
Let a ſecond perſon touch the wire while you rub, and 
the fire driven out of the inward ſurface when you give 
the ſtroke, will paſs through him into the common maſs, 
and return through him when the inner ſurface reſumes 
its quantity, and therefore this new kind of Leyden bot- 
tile cannot be ſo charged. But thus it may: after every 


ſtroke, before you paſs your hand up to make another, 


let the ſecond perſon apply his finger to the wire, take 
the ſpark, and then withdraw his finger; and ſo on till 
he has drawn a number of ſparks ; thus will the inner 
ſurface be exhauſted, and the outer ſurface charged; then 
wrap a ſheet of gilt paper cloſe round the outer ſurface, 
and graſping it in your hand you may receive a ſhock 
by applying the finger of the other hand to the wire: 
for now the vacant pores in the inner ſurface reſume 
their quantity, and the overcharg'd pores in the outer ſur- 
face diſcharge that overplus ; the equilibrium being re- 
ſtored through your body, which could not be reſtored. 
through the glaſs *. If the tube be exhauſted of air, a 
non: electric lining, in contact with the wire, is not neceſ- 
fary ; for in vacuo, the electrical fire will fly freely from 
the inner ſurface, without a non- electric conductor: 5 
but air reſiſts in motion; for being itſelf an electric per 


OY See Farther Eheim, dee 1 


Ne 
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fe, it does not attract it, having. already its quantity. So 
the air never draws off an electric atmoſphere from any 
body, but in proportion to the non-electrics mix'd with 


it : it rather keeps ſuch an atmoſphere confin' d, which 


from the mutual repulſion of its particles, tends to diſſi- 


pation, and would immediately diſſipate in vacuo.— And 


thus the experiment of the feather incloſed in a glaſs 
veſſel hermetically ſealed, but moving on the approach 
of the rubbed tube, is explained : When an additional 
quantity of the electrical fluid is applied to the ſide of 
the veſſel by the atmoſphere of. the tube, a: quantity is 
repelled and driven out of the inner ſurface of that ſide 
into the veſſel, and there affects the feather, returning 


again into its pores, when the tube with its atmoſphere is 


withdrawn; not that the particles of that atmoſphere did 
themſelves paſs through the glaſs to the feather.— And 
every other appearance I have yet ſeen, in which glaſs 
and electricity are concerned, are, I think, explained with 


equal. eaſe by the ſame hypothelis. Yet, perhaps, it may 
not be a true one, and I ſhall be obliged to him that affords 


me a better. 


35. T hus I take the — between non clecrics, 
and glaſs, an electric per ſe, to conſiſt in theſe two par- 


ticulars. iſt, That a non- electric eaſily ſuffers a change | 


in the quantity of the electric fluid it c tains. You 


may leſſen its whole quantity, by drawing out a part, 
which the whole body will again reſume ;- but of glaſs 


you can only leſſen the quantity contained i in one of its | 
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ſurfaces; and not that, but by ſupplying an equal quantity 
at the ſame time to the other ſurface; ſo that the whole 
glaſs may always have the ſaine quantity in the two ſur- 
faces, their two different quantities being added together. 
And this can only be done in glaſs that is thin; beyond 
a certain thickneſs we have yet no power that can make 
this change. And, 2dly, that the electric fire freely re- 
moves from place to place, in and through the ſubſtance 
of a non- electric, but not ſo through the ſubſtance of 
glaſs. If you offer a quantity to one end of a long rod 
of metal, it receives it, and when it enters, every par. 
ticle that was before in the rod, puſhes its neighbour 
quite to the further end, where the overplub is diſcharged; 
and this inſtantaneouſly where the rod is part of the circle 
in the experiment of the ſhock. But glaſs, from the 
ſmallneſs of its pores, or ſtronger uttraction of What it 
contains, refuſes to admit ſo free a mbtian; a Flaſh rod 
will not conduct a ſhock, 'nor will the thinneſt glaſs Hiffer 
any particle entering one ic of 1 its ſurfaces to of ae to 
the other. r 

36. Hence we ſee the impoſibility of cls in the 
experiments propoſed, to draw out the effluvial virtues of 
a non- electric, as cinnamon for inſtance, and mixing them 
with tlie electric fluid, to convey them with that into 
the body, by including it in the globe, and chen apply- 
ing friction, &c, For though the effluvia of cinnamon, 
and the electric fluid ſhotld mix within the globe, they 
would never come out * through the pores of tlie 

glaſs, 
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glaſs, and ſo go to the prime conductor; for the elec- 


tric fluid itſelf . cannot come through; and the prime 


Conductor is always ſupply'd from the cuſhion, and that 
| fromthe floor. And beſides, when the globe is filled 

with cinnamon, or other non-electric, no electric fluid 
can be obtained from its outer ſurface, for the reaſon be- 
fore · mentioned. I have tried another way, which 1 
thought more likely to obtain a mixture of the electric 


and other effſuvia together, if ſuch a mixture had been 


poſſible. J placed a glaſs plate under my cuſhion, to cut 
off the communication between the cuſhion and floor ; 
then brought a ſmall chain from the cuſhion into a glaß 
of oil of turpentine, and carried another chain from the 
oil of turpentine to the floor, taking care that the chain 
from the cuſhion to the glaſs, touch'd no part of the frame 
of the machine. Another chain was fixed to the prime 
conductor, and held in the hand of a perſon to be elec- 
triſed. The ends of the two chains in the glaſs were 
near an inch diſtant from each other, the oil of turpen- 
| tine between. Now the globe being turned, could draw 
no fire from the floor through the machine, the com- 
munication that way being cut off by the thick glaſs plate 
under the cuſhion: it muſt then draw it through the 
chains whoſe ends were dipped in the oil of turpentine. 
| And as the oil of turpentine, being an electric per ſe, 
would not conduct, what came up from the floor was 
| obliged to jump from the end of one chain to the end of 


the other, —_ the ſubſtance of that oil, which we 
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could ſee in large ſparks, and ſo it had a fair opportunity. 
of ſeizing ſome of the fineſt particles of the oil in its paſ- 
ſage, and carrying them off with it: but no ſuch effect 
followed, nor could I perceive the fleaſt difference in the 
ſmell of the electric effluvia thus collected, from what 
it has when collected otherwiſe, nor does it otherwiſe 
affect the body of a perſon electriſed. I likewiſe put 
into a phial, inſtead of water, a ſtrong purgative liquid, 

and then charged the Phial, and took repeated ſhocks 
from it, in which caſe every particle of the electrical 
fluid muſt,” before it went through my body, have firſt 
gone through the liquid when the phial is charging, and 
returned through it when diſcharging, yet no other effect 
followed than if it had been charged with water... I have | 


alſo ſmelt the elearic fire when drawn thro” gold, flves, 


copper, lead, iron, wood, and the human body, and 
could perceive no difference; the odour is always the 
fame where the ſpark does not burn what it ſtrikes ; and 
therefore I imagine it does not take that ſmell from any 
quality of the bodies it paſſes through. And indeed, as 
that fmell ſo readily leaves the electric matter, and ad- 
heres to the knuckle receiving the ſparks, and to other 2 
things; I ſuſpe& that it never Was connected with 1 
but ariſes inſtantaneouſly from ſomething in the air acted 5 
upon by it. For if it was fine enough to come with the 
electric fluid through the body of one perſon, why ſhould 
e WON {kin mme of 
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But I ſhall never have done, if I tell you all my con- 
jectures, thoughts, and imaginations' on the natare and 
operations of this electric fluid, and relate the variety of 
little experiments we have tried. I have already. made 
this paper too long, for which I muſt crave pardon, not 
having now time to make it ſhorter, I ſhall only add, 
that as it has been obſerved: here that ſpirits will fire by 
the electric ſpark in the ſummer time, without heating 
them, when Fabrenbeit's thermometer is above 70 ſo 
when colder, if the operator puts a ſmall flat bottle 
of ſpirits in his boſom, or a cloſe pocket, with the ſpoon, 
ſome little time before he uſes them, the heat of his body 
will communicate warmth more than ſufficient for the 
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ADDITIONAL EXPERIMENT: 
Proving that the Leyden Bottle has no more electrical Fire 
An it when charged, than before; nor leſs when diſcharg- 
ed: That, in difcharging, the Fire does not iſſue from the 
"Wire and the Coating at the fame Time, -as ſome have 
" thought, but that the Coating always receives what is diſ- 
charged by the Wire, or an equal Quantity; the outer 
Sur fave being alꝛuays ina negative State of Eleetricity, 
: alen the inner een is in a e State. 


A CE. a chick plate of hs under the mahbing 
"@wſhions to cut off the communication of electri- 
katy fire from the floor to the cuſhion ; then, if there be | 
no fine points or hairy threads ſticking out from the 
cuſhion, or from the parts of the machine oppoſite to 
the cuſhion, (of which you muſt be careful) you can get 
but a few ſparks from the prime conductor, which a are all 
the cuſhion will part with. | 
Hang a phial then on the prime conductor, and it will 
not charge though you hold it by the coating. But 
Form a communication by a chain from the coating to 
the cuſhion, and the phial will charge. 
For the globe then draws the electric fire out of the 
Dutſide ſurface of the phial, and forces it through the 


prime conductor and wire. of the phial, into the infide | 


ſurface. 


Thus 
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Thus the bottle is: charged with its own fire, no other 
bells to ba had m_ the glaſs Plato. is eee. the 
cuſhion. 
Hang 5 cork bal hs faten hw to SA primagcy- 
ductor; then touch the coating of the bottle, and they 
will be electrified and tecede from each other.. 
For juſt as much fire as you give the coating, ſo ma. 
18 diſcharged through the wire upon the prime conductor, 
whence the cork balls receive an electrical atmoſphere. 
— hut, 
Take a wire bent in the form of a C, with a ſtick of 

wax fixed to the outſide of the curve, to hold it by; and 
apply one end of this wire to the coating, and the other 
at the ſame time to the prime conductor, the phial will 
be diſcharged ; and if the balls are not electrified before 
the diſcharge, neither will they appear to be ſo after the 


nne for they will not repel each other. 
Now if the fire diſcharged from the inſide ſurface of 


the bottle through its wire, remained on the prime con- 
ductor, the balls would be electrified, and recede from each 
other. | 

If the phial really exploded at both ends, and diſchar- 
ged fire from both coating and wire, the balls would be 
more electrified, and recede farther ; for none of the fire 
can eſcape, the wax handle preventing. 

But if the fire, with which the inſide ſurface is c 
ged, be ſo much preciſely as is wanted by the outſide ſur- 


face, it will paſs round through the wire fixed to the wax 
| hand le, 
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handle, reſtore the equilibrium i in the glaſs, and make no 
alteration in the ſtate of the prime conductor. 


Accordingly we find, that if the prime . be 


eclectrified, and the cork balls in a tate of repellency be- 
fore the bottle is diſcharged, they continue ſo afterwards. 


If not, 
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FROM 
BN]. FaaxkLIx, El, of Philadelphia, 


'T vo 


PeTzr CoLLiNsoN, EV F. R. 8. at London. 


8 IR, 285 1 Yul 27, 17 50. 


my laſt paper in haſte, without having firſt wal 
conſidered the Experiments related F. 17. * 
which ſtill appear to me deciſive in the queſtion, —Whether 
the accumulation of the electrical fire be in the electriſed 
glaſs, or in the non-elefric matter connected with the glaſs ? 
and to demonſtrate that tis really in the glaſs. | 
As to the experiment that ingenious Gentleman men- 
tions, and which he thinks concluſive on the other ſide, 
I perſuade myſelf he will change his opinion of it, when 
he conſiders, that as one perſon applying the wire of the 
charged bottle to- warm ſpirits, in a ſpoon held by —_—_ 
* See the Paper entitled, * Experiments, &. 


5 


R Men, I believe, wrote his Obſervations on 


: 
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perſon, both ſtanding on the floor, will fire the ſpirits, and 
yet ſuch firing will not determine whether the accumula- - 
tion was in the glaſs or the non- electric; ſo the placing 
another. perſon between them, ſtanding on wax, with a 
baſon in his hand, into which the water from the phial is 
pour'd, while he at the inſtant of pouring preſents a finger 
ol his other hand to the ſpirits, does not at all alter the 
caſe ; the ſtream from the phial, the fide of the haſon, 
with the arms and body of the perſon on the wax, being 
all together but as one long wire, reaching from the in- 
ternal ſurface of the phial to the ſpirits. 

June 29, 1751. In Capt. Waddell's account ↄf the ef- 
fects of lightning on his ſhip, J could not but take notice 
of the large comazants (as he calls them) that ſettled on 
the ſpintles at the top-maſt heads, and burnt like very 
large torches (before the ſtroke). . According to, my o- 
pinion, - the electrical bre was then drawing off, as by 
points, from the cloud; the largeneſs of the flame be- 
tokening the great quantity of electricity in the cloud: 
and had there been a good wire communication from the 
ſpintle heads to the ſea, that could have conducted more 
freely than tarred ropes, or maſts of turpentine wood, I 
imagine there would either have been no ſtroke; or, if a 
ſtroke, the wire would have conduded, it all into the ſea 
without damage to the ſhip. | 
is compaſſes loſt the virtue a the W or the 

poles were reverſed; the North point turning to the South. 
N Fee we have e at Philadelphia) frequently 

| given 
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given polarity to needles, and reverſed it at pleaſure. 
Mr Wilſin, at London, tried it on too og maſſes, and 
with too ſmall force, 

A ſhock from four large glaſs jars, ſent through a fine 
' ſewing needle, gives it polarity, and it will traverſe when 
laid on water, —If the needle when ſtruck lies Eaſt and 
Weſt, the end entered by the electric blaſt points North. 
II it lies North and South, the end that lay towards 
the North will continue to point North when placed on 
water, whether the fire entered at that end, or at the con- 
trary end. 

The Polarity given is ſtrongeſt when the Needle i is ſtruck 
lying North and South, weakeſt when lying Eaſt and Welt ; 
perhaps if the force was ſtill greater, the South end, en- 
ter'd by the fire, (when the needle lies North and South) 
might become the North, otherwiſe it puzzles us to ac- 
count for the inverting of compaſſes by lightning; ſince 
their needles muſt always be found in that ſituation, and 
by our little Experiments, whether the blaſt entered the 
North and went out at the South end of the needle, or 
the contrary, ſtill the end |" that uy to the North ſhould 
continue to point North. 

In theſe experiments ihe ends of the needles are ſome- 
times finely blued like a watch- ſpring by the electric flame. 
—This colour given by the flaſh from two jars only, 
will wipe off, but four jars fix it, and frequently melt 
the needles, I ſend you ſome that have had their heads » 
and . melted off by our mimic lightning ; and a pin 

N 2 | dhat | 
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chat had its point melted off, and ſome part of its head 
and neck run. Sometimes the ſurface on the body of the 
needle is alſo run, and appears bliſter'd when examined by 

a magnifying glaſs : the jars I make uſe of hold 7 or 8 
| gallons, and are coated and lined with tin foil; each of 
them takes a thouſand turns* of a gown nine inches diame- 
ter to charge it. 


I ſend you two ſpecimens of tin-foil melted been 5 


glaſs, by the force of two jars only. 
J have not heard that any of your European ee 


have ever been able to fire gunpowder by the electric 


flame. We do it here in this manner,—A ſmall car- 
tridge is filled with dry powder, hard rammed, fo as to 
bruiſe ſome of the grains; two pointed wires are then 
' thruſt in, one at each end, the points approaching each 
other i in the middle of the cartridge till within the diſtance 
of half an inch ; then, the cartridge being placed in the 
circle, when the four jars are diſcharged, the electric 
flame leaping from the point of one wire to the point of 
the other, within the cartridge amongſt the powder, fires 
it, and the exploſion of the powder is at the fame inſtant 
with the crack of the diſcharge. | 

Durs, Sc. 


B. FRANKLIN. 
8 The cuſhion being afterwards coverd with a long flap of buckſin, 
which might cling to the globe; and care being taken to keep that flap of 


a due temperature; between too dry and too moiſt, we found ſo much more 
of the electric fluid was obtained, as _ 150 turns were ſufficient. 17 53 


LET- 


L E T T E R VII. 
A R. G M:- . 
[hs F KEE. Ei. of Philadelphia 


10 


C. C. Eſq; at New-York. 


6 TR, A 277 17 
Incloſe you anſwers, ſuch as my preſent hurry of bu- 
ſineſs will permit me to make, to the principal que- 
ries contained in yours of the 28th inſtant, and beg 

leave to refer you to the latter piece in the printed col- 
lection of my papers, for farther explanation of the dif- 
ference between what is called electrics per fe, and non 
electrics. When you have had time to read and conſider 
theſe papers, I will endeavour to make any new experi- 
ments you ſhall propoſe, that you think may afford far- 
ther light or ſatisfaction to either of us; and ſhall be 
much obliged to you for ſuch remarks, objections, &c, as 
may occur to you.—l forget whether I wrote you that 1 
have melted braſs pins and fteel needles, inverted the poles 
of the magnetic needle, given a magnetiſm and polarity to 

SD needles 
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needles "that had none, and fired dry gunpowder by the 


| electric ſpark. I have five bottles that contain 8 or 9 gal- 


lons each, two of which charg'd, are ſufficient for thoſe . 


purpoſes : but I can charge and diſcharge them altoge- 


ther. There are no bounds (but what expence and labour 
give) to the force man may raiſe and uſe in the electrical 


way: For bottle may be added to bottle in infinitum and 
all united and diſcharged together as one, the force and 


effect proportioned to their number and ſize. The greateſt 


known effects of common lightning may, I think, with- 
out much difficulty, be exceeded in this way, which a few 
years ſince could not have been believed, and even now 
may ſeem to many a little extravagant to ſuppoſe.—So we 


are got beyond the {kill of Rabelais's devils of two years 
old, who, he humorouſly ſays, had only learnt to thunder 


and lighten a little round the head of a . 
1 am, with Ancere rape, 
4 Pour =o Aue n ſervant, 


'B. F RANKLIN. 
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Queries _ Anſy wers „ 4 to in the forego- 
ing Letter. | 


0 


Query. Wberein eon the difference between a an elec- 
tric and a non- electric body ? 
; Anſwer. The terms electric per 2 and anal 
were firſt uſed to diſtinguiſh bodies, on a miſtaken ſup- 
poſition t that thoſe called electrics per fe, alone contained 
electric matter in their ſubſtance, which was capable of 
being excited by friction, and of being produced or drawn 
from them, and communicated to, thoſe called non- 
electrics, ſuppoſed to be deſtitute of it: For the glaſs, &c. 
being rubbed, diſcover'd figns of having it, by ſnapping 
to the. finger, attracting, repelling, &c. and could com- 
municate thoſe ſigns to metals and water. Afterwards 
it was found, that rubbing of glaſs would not produce the 
electric matter, unleſs a communication was preſerved: be- 
tween the rubber and the floor; and ſubſequent experi- 
ments proved that the electric matter was really drawn 
from thoſe bodies that at firſt were thought to have none 
in them. Then it was doubted whether glaſs and other” 
bodies called ele&rics per ſe, had really any electric matter 
in them, ſince they apparently afforded none but what 
they firſt extracted from thoſe which had been called non- 
electrics. But ſome of my experiments ſhew that glaſs 
contains it in great quantity, and I now ſuſpe& it to be 
Pretty equally died in all the matter of this terraqueons 
globe 


_—— 


95 Neu Experiments and 

globe · If fo, the terms electric per fe, and non electric, 
ſhould be laid aſide as improper : And (the only difference 
being this, that ſome bodies will conduct electric matter, 


and others will not) the terms conductor and non- conductor 


may ſupply their place. If any portion of electric matter 
is applied to a piece of conducting matter, it penetrates 


and flows through it, or ſpreads equally on its ſurface; if 


applied to a piece of non- conducting matter, it will do 
neither. Perfect conductors of electric matter ate only 
metals and water. Other bodies conducting only as they 
contain a mixture of thoſe; without more or leſs of 
which they will not conduct at all *, This (by the way) 
ſhews a new relation between metals and water heretofore 
unknown. 

. Toilluſtrate this by a compariſon, which, However, can 
only give a faint reſemblance, Electric matter paſſes 
through conductors as water paſſes through a porous ſtone, 
or ſpreads on their ſurfaces as water ſpreads on a wet 
None ; but when applied to non- conductors, it is like wa- 


ter dropt on a greaſy ſtone, it neither penctrates, paſſes 


through, nor ſpreads on the ſurface, but remains in drops 
where it falls. See farther on this head 1 laſt priced 


== What are the effects of a air in cleAtical Experi- 
ments? 
ler, All I have hitherto obſerved, are theſe. Moiſt 
L air 


This 1 is ſince ns to be too alot; Mr. Wilſon having- 
——__ that melted wax and roſin will alſo S > 
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air receives and conducts the electrical matter in propor- 
tion to its moiſture, quite dry air not at all : air is there- 
fore to be claſs'd with the non- conductors. Dry air aſ- 
ſiſts in confining the electrical atmoſphere to the body it 
| ſurrounds, and prevents its diſſipating : for in vacuo it 
quits eaſily, and points operate ſtronger, i. e. they throw 
off or attract the electrical matter more freely, and at 
greater diſtances ; ſo that air intervening obſtructs its paſ- 
ſing from body to body, in ſome degree. A clean electri- 
cal phial and wire, containing air inſtead of water, will 
not be charged nor give a ſhock, any more than if it was 
fill'd with powder of glaſs; but exhauſted of air it operates 
as well as if filled with water. Yet, an electric atmoſphere 
and air do not ſeem to exclude each other, for we breath 
freely in ſuch an atmoſphere, and dry air will blow through 
it without diſplacing or driving it away. I queſtion whe- 
ther the ſtrongeſt dry N. Weſter would diſſipate it. I 
once electrified a large cork ball, at the end of a filk 
thread three feet long, the other end of which I held in my 
fingers, and whirl'd it round, like a ſling, 100 times in the 
air, with the ſwifteſt motion I could poſſibly give it, yet 
it retained its electric atmoſphere, though it muſt have 
paſſed through 800 yards of air, allowing my arm in 
giving the motion to add a foot to the ſemi-diameter of 
the circle. —By quite dry air, I mean the dryeſt we have: 
for. perhaps we never have any perfectly free from moiſture. 
An electrical atmoſphere raiſed round a thick wire, in- 
ſerted in a phial of air, drives out none of the air, nor 

GG: on 
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on withdrawing that atmoſphere will any air ruſh In, as 1 
have found by a very curious experiment, accurately made, 
whence we concluded that es air's elaſticity was not af - 
fected thereby, 


A Experiment rk di 3 more of the Qual tres of 
the Electric Fluid, 


From the prime conductor, hang a bullet by a wite-. 
hook ; under the bullet at half an inch diſtance, place a 
bright piece of ſilver to receive the ſparks ; then let the 
wheel be turned, and in a few minutes (if the repeated 
| ſparks continually ſtrike in the ſame ſpot) the ſilver * ; 

receive a blue ſtain, near the colour of a watch ſpring. 
A bright piece of iron will alſo be ſpotted, but not with 


that colour ; it rather ſeems corroded, 
On gold, braſs, or tin, I have not perceived that it 


makes any impreſſion. But the ſpots on the filver or iron 


will be the ſame, whether the bullet oy lead, dean, gold, 
or filver. 


On a filver bullet there will allo appear a call rn 
well as on the plate below it. 


1. ET. 
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LETTER VIII. 


FROM 
Mr E. KinnzssLEy at Boſton, 
"T0: 


Benjamin FRANKLIN, Eſq; at Philadelphia. 


E Feb. 3, 1752. 
Have the following Experiments to communicate : I 
held in one hand a wire, which was faſtened at the 
other end to the handle of a pump, in order to try 

whether the ſtroke from the prime conductor, through 

my arms, would be any greater than when conveyed only 
to the ſurface of the earth, but could diſcover no dif- 
ference. 

placed che needle of a 3 on ths: point of a long 
pin, and holding it in the atmoſphere of the prime con- 
ductor, at the diſtance of about three inches, found it to 
whirl round like the flyers of a jack, with great rapidity. 

I ſuſpended with filk a cork ball, about the bigneſs of 
a pea, and preſented to it, rubbed amber, ſealing-wax, 
and ſulphur, by each of which it was ſtrongly repelled; 

| O 2 then 
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then J tried den glaſs and china, and found that each 
af theſe would attract it, until it became electrified again, 
and then it would be repelled as at firſt; and while thus 
repelled by the rubbed glaſs or china, either of the others 
when rubbed would attract it. Then I electrified the ball, 


with the wire of a charged phial, and 'preſented to it _ 


rubbed glaſs (the ſtopper of a decanter) and a china tea- 
cup, by which it was as' ſtrongly repelled as by the wire; 
but when I preſented either of the other rubbed electrics, 
it would be ſtrongly attracted, and when I electrified it 
by eitherof theſe, till it became repelled, it would be at- 
tracted 18 the wire of the 3 but be — * its 
| coating. | 
Theſe experiments ſurprized u me very much, and 155 
induced me to infer the following paradoxes. © © | 

1, If a glaſs globe be placed at one end of a primes 
Dada and a ſulphur one at the other. end, both be- 
ing equally in good order, and in equal Abüch, not a 
ſpark of fire can be obtained from the conductor; but one 
globe will draw out, as faſt as the other gives in. | 

2. If a phial be ſuſpended on the conductor, with a 
chain from its coating to the table, and only one of the 
globes be made uſe of at a time, 20 turns of the wheel, 
for inſtance, will charge it; after which, ſo many turns 
of the other wheel will ee it; and as many more 
will charge it again. 
3. The globes being both in motion, each kD a ſe- 


parate conductor, with a phial ſuſpended on one of them, 
| and 
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and the chain of it faſtened to the other, the phial will 
decome charged; one globe charging poſitively, the other 
negatively. 

4. The phial being thus charged, hang it in like man- 
ner on the other conductor; ſet both wheels a going again, 
and the ſame number of turns that charged it before, will 
now diſcharge it; and the ſame number repeated, will 
charge it again. 

5. When each globe communicates with the ſame prime 
conductor, having a chain hanging from it to the table, 
one of them, when in motion, (but which J can't fay) 
will draw fire up through the cuſhion, and diſcharge it 
through the chain ; the other will draw it up _— the 
chain, and difcharns' i it through the cuſhion pe; 
I ſhould be glad if you would ſend to my houſe for 
my ſulphur globe, and the cuſhion belonging to it, and 
make the trial; but muſt caution you not to uſe chalk on 
the cuſhion, Zoos fine powdered ſulphur will do better, 
If, as I expect, you ſhould find the globes to charge the 
prime conductor differently, J hope you will be able to diſ- 
cover ſome method of determining which: it is that charges 
pally; ; - 0 50 


Jam, &c. | ES 
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4 E T T E R IX. 
e 
| ks FRANKLIN, £/g, at Philadelphia, 
0 


Mr E. KinNERSLEY, at at Boon. | 


S &K, March 2, 1752, 


Thank you for the Browſer communicated, I 1 | 
1 ſent immediately for your brimſtone globe, in order 
to make the trials you deſired, but found it wanted 
centers, which J have not time now to ſupply; but the 
firſt leiſure I will get it fitted for uſe, try the ann 


and acquaint you with the reſult. 
In the mean time I ſuſpect, that the different attractions 
and repulſions you obſerved, proceeded rather from the 
greater or ſmaller quantities of the fire you obtained from 
different bodies, than from its being of a different kind, or | 
having a different direction. In haſte, 
n — _ &c. 
B. FRANKLIN. 


LE T- 
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LET TE a2. 
x . 

BENJAMIN FRANKLIN, Eſq; of Philadelphia, 

8 


Mr E. e at Boſton. 


ST R, March 16, 1752. 
Aving brought your brimſtone globe to work, I 
tried one of the experiments you propoſed, and 
was agreeably ſurpriſed to find that the glaſs 
globe being at one end of the conductor, and the ſulphur 
globe at the other end, both globes in motion, no ſpark 
could be obtained from the conductor, unleſs when one 
globe turned ſlower, or was not in ſo good order as the o- 
ther; and then the ſpark was only in proportion to the 
difference, ſo that turning equally, or turning that ſloweſt 
which worked beſt, would again bring the conductor to af- 

ford no ſpark. | 
I found alſo, that the wire of a phial charg'd by the 
glaſs globe, attracted a cork ball that had touch'd the wire 
of a phial charged by the brimſtone globe, and vice verſa, 

| | ſo 
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ſo that the cork continued to play between the two phials, 
juſt as when one phial was charged through the wire, the 
other through the coating, by the glaſs globe alone. And 
two phials charged, the one by the brimſtone globe, the 
other by the. glaſs globe, would be both diſcharged. by 
bringing their wires together, and ſhock the perſon hold- 
ing the phials. 

From theſe experiments one may be certain that your 
2d, 3d, and 4th propoſed experiments, would ſucceed ex- 
actly as you ſuppoſe, though I have not tried them, want- 
ing time.—T imagine it is the glaſs globe that charges 
poſitively, and the ſulphur negatively, for theſe reaſons, 
1. Though the ſulphur globe ſeems to work equally well 
with the glaſs one, yet it can never occaſion fo large and 
diſtant a ſpark between my knuckle and the conductor 
when the ſulphur one is working, as when the glaſs one 


is uſed ; which, I ſuppoſe, is occaſioned by this, that bo- 


dies of a certain bigneſs cannot ſo eaſily part with a 
quantity of electrical fluid they have and hold attracted 
within cheir ſubſtance, as they can receive an additional 
quantity upon their ſurface by way of atmoſphere, There- 
fore ſo much cannot be drawn out of the conductor, as 
can be thrown on it. 2. I obſerve that the ſtream or 
bruſh of fire, appearing at the end of a wire, connected 
with the conductor, is long, large, and much diverging, 
when the glaſs globe is uſed, and makes a ſnapping (or. 
rattling) noiſe ; but when the ſulphur one is uſed, it is 


ſhort, ſmall, and makes a — noiſe ; and juſt the re- 


verſe 
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verſe of both happens, when you hold the ſame wire in 
your hand, and the globes are worked alternately: the 
bruſh is large, long, diverging and ſnapping (or rattling) 
when the ſulphur globe is turn'd ; ſhort, ſmall, and hiſſing 
when the glaſs globe is turn'd. When the bruſh is long, 
large, and much diverging, the body to which it joins, 
ſeems to me to be throwing the fire out ; and when the 
contrary appears, it ſeems to be drinking in. 3. I ob- 
ſerve, that when I hold my knuckle before the ſulphur 
globe, while turning, the ſtream of fire between my 
knuckle and the globe, ſeems to ſpread on its ſurface, as 
if it lowed from the finger ; on the glaſs globe it is other- 
wile. 4. The cool wind (or what was called ſo) that 
we uſed to feel as coming from an electrified point, is, I 
think, more ſenſible when the glaſs globe is uſed, than 
when the ſulphur one.—But theſe are haſty thoughts. 
As to your fifth paradox, it muſt likewiſe be true, if the 
globes are alternately worked; but if worked together, the 
fire will neither come up nor go down by the chain, be- 
cauſe one globe will drink it as- faſt as the other hs 
duces it. 

I ſhould be glad to _ whether the effects would be 
contrary if the glaſs globe is ſolid, and the ſulphur globe is 
hollow ; but I have no means at preſent of trying. 

In your journeys, your glaſs globes meet with accidents, 
and ſulphur ones. are heavy and inconvenient. 2uery, 
Would not a thin plane of brimſtone, caſt on a board, 
ſerve on occaſion as a cuſhion, while a globe of leather 


. ER ſtuffed 
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ſtuffed ey mounted) might receive the fire from tlie 
ſulphur, and charge the conductor poſitively? Such a globe 


would be in no danger of breaking“. I think I can conceive 


how it may be done; but have not time to add more 


than that I m, 
Yours, Ge. 


B. FRANKLIN, 


The preceding Lzrrzss ; having been tranſlated into French, 


F . 


and printed at Paris; the Abbe Mazeas, in a Letter to 
Dr Stephen Hales, dated St Germain, May 20, 1752, 
gives the following Account (printed in the Philoſophical 
TranſaQions) of the Experiment made at Marly, in 
| purſuance of that propoſed by Mr Franklin, Page 66. 


SIR, 


HE - Philadelpbian e that Mr Kae 

1 a Member of the Royal Society, was ſo kind as to. 
communicate to the public, having been univerſally ad- 
mired in France, the King deſired to ſee them performed. 
Wherefore the Duke D' hen offered his Majeſty his 

country-houſe : at St Germain, where M. de Lor, maſter of 

Experimental Philofophy, ſhonld put thofe of Philadelphia 


in execution. ' His Majeſty faw- them with great ſatisfac- 


tlon, and greatly applauded Meſſicurs Franklin and Collin- 


ſt. "Theſe applaufes of his GE” N excited in 


15 | FU? by I Meſ- 
* The diſcoveries of the late i ingenious Mr Symmer, on the poſitive and 
negative Electricity produced by the mutual friction of white and black - 
ſilk, Sc, afford hints for farther improvements to be made with this view. 
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Meſſieurs de Buffon, D' Alibard, and De Tor, a defire of 
verifying the conjectures of Mr Franflin, upon the ana- 
logy of thunder and electricity, they Prepar d chemſelves 
for making the experiment. 

M. D' Alibard choſe, for this on a garden ſituated 
* Marly, where he placed upon an electrical body a 
pointed bar of iron, of 40 feet high. On the tenth of 
May, 20 minutes paſt two in the afternoon, a ſtormy cloud 
having paſſed over the place where the bar ſtood, thoſe that 
were appointed to obſerve it, drew near, and attracted from 
it ſparks of fire, perceiving the ſame kind of commotions 
as in the common electrical Experiments. 

M. de Lor ſenſible of the good ſucceſs of this experi- 
ment reſolved to repeat it at his houſe in the Efrapade at 
Paris. He raiſed a bar of iron 99 feet high, placed upon 
a cake of reſin, two feet ſquare, and three inches thick. 
On the 18th of May, between four and five in the after- 
noon, a ſtormy cloud having paſſed over the bar, where it 
remained half an hour, he drew ſparks from the bar, 
like thoſe from the gun barrel, when, in the elec- 
trical experiments the globe is only rubbed by the cuſhion, 
and they produced the ſame noiſe, the ſame fire, and the 
ſame crackling, They drew the ſtrongeſt ſparks at the 
diſtance of nine lines, while the rain, mingled with a little 
| hail, fell from the cloud, without either thunder or light. 
ning; this cloud being, according to all appearance, only 
the conſequence of a ſtorm, which happened elſewhere. 

J am, with a- profound reſpect, 

Your mt humble and obedient ſervant. | 
| S. Mazras, 
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A 5 SI of Mr W. WATSON, F. R. 5. 5 
to the Royal Society, concerning the electri- 
cal Experiments in ENGLAND upon Thunder - 


Clouds. Read Dec. 1752. Tranſ. Vol. XLVII. 
GENTLEMEN, 


FTER the communications, which we have 
A received from ſeveral of our correſpondents in 
| different parts of the continent, acquainting us 
with the ſucceſs of their experiments laſt ſummer, in en- 
deavouring to extract the electricity from the atmoſphere 
during a thunder-ſtorm, in conſequence of Mr Franklin's 
' hypotheſis, it may be thought extraordinary, that no ac- 
counts have been yet laid before you, of our ſuccefs here 
from the ſame experiments. That no want of attention, 
therefore, may be attributed to thoſe here, who have been 
hitherto converſant in theſe enquiries, I thought proper to 
appriſe you, that, though ſeveral members of the Royal 
Society, as well as myſelf, did, upon the firſt advices from 
France, prepare and ſet up the neceſſary apparatus for this 
purpoſe, we were defeated in our expectations, from the 
uncommon coolneſs and dampneſs of the air here, during 
the whole ſummer. We had only at London one thun- 
der ſtorm; viz. on Fuly 20; and then the thunder was 
accompanied with rain; ſo that, by wetting the apparatus, 
the electricity was diſſipated too ſoon to be perceived upon 

touching thoſe parts of the e which ſerved to 
| conduct 
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conduct it. This, I ſay, in general prevented our verify- 
ing Mr Prazklin's hypotheſis: But our worthy brother 
Mr Canton was more fortunate, I take the liberty, there- 
fore, of laying before you an extract of a letter, which I 
received from that gentleman, dated from Spital-ſquare, 
Tuly 21, 1762. | 

J had yeſterday, about five in the afternoon, an op- 
e portunity of trying Mr Frandlin's experiment of extract- 
ce ing the electrical fire from the clouds; and ſucceeded, 
ee by means of a tin tube, between three and four feet in 
* length, fixed to the top of a glaſs one, of about eighteen 
inches. To the upper end of the tin tube, which was 
e not ſo high as a ſtack of chimnies on the fame houſe, 
© T faſtened three needles with ſome wire; and to the 
e lower end was ſolder'd a tin cover to keep the rain from 
* © the glaſs tube, which was fet upright in a block of wood. 
< I attended this apparatus as ſoon after the thunder began 
as poſſible, but did not find it in the leaſt electrified, tilt 
© between the third and fourth clap; when applying my 
© knuckle to the edge of the cover, I felt and heard an 
electrical ſpark; and approaching it a ſecond time, I 
< received the ſpark at the diſtance of about half an inch, 
t and faw it diſtinctly. This I repeated four or five times 
e in the ſpace of a minute; but the ſparks grew weaket 
* and weaker; and in leſs thas two minutes the tin tube 
did not appear to be electriſed at all. The rain con- 
<« tinued during the thunder, but was cone abated 
<- at the time of making the — Thus far Mr 


Canton, Me: 
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5 Mr Wilſon likewiſe of the Society, to whom we are 
much obliged for the trouble he has takeu in theſe pur- 
ſuits, had an opportunity of verifying Mr Franblin's hypo- 
theſis. He informed me, by a letter from near Chelmsford 
in Efex, dated Augyft 12, 1752, that, on that day about 
noon, he perceived ſeveral electrical ſnaps, during, or rather 
at the end of a thunder ſtorm, from no other apparatus than 
an iron curtain rod, one end of which he put into the neck 
of a glaſs phial, and held this phial in his hand. To the 
| other end of the i iron he faſtened three needles with ſome 
filk. This phial, ſupporting the rod, he held in one hand, 
| and drew ſnaps from the rod with a finger of his other. 
This experiment was not made upon any eminence, but 
* in the garden of a gentleman, at whoſe houſe he then was, 

Dr Bevis obſerved, at Mr Cave's at St John's Gate, 
nearly the ſame phznomena as Mr Canton, of which an 
cen has been already laid before the public. 

Trifling as the effects here mentioned are, when com- 
80 with thoſe which we have received from Paris and 
Berlin, they are the only ones, that the laſt ſummer here 
has produced; and as they were made by perions worthy 
of credit, they tend to eſtabliſn the enen of thoſe 
maninittel from our correſpondents, 1 

I flatter myſelf, that this ſhort account of theſe matters 
will not be diſagreeable to you; and am, 
0 with the moſt profound Reſpect, 

| 77 vur moſs. obedient. humble Servant, 
£00 w A DT 8 ON. 
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Brnj. FRANKLIN, E/g; of Philadelphia. © 
Oct. 19, 17 52. 
8 frequent mention is made in public papers 
from Europe of the fucceſs of the Philadelphia 
= experiment for drawing the elefric fire from 
clouds by means of pointed rods of iron erected on high 
buildings, &c. it may be agrecable to the curious to be in- 
formed that the ſame experiment has ſucceeded in Philadet- 
pbia, though made in a different and more 2 manner, 
which is as follows: 

Make a ſmall croſs of two light ſtrips of cedar, the 
arms ſo long as to reach to the four corners of a large 
thin filk handkerchief when extended; ; tie the corners of 
the handkerchief to the extremities of the croſs, ſo you 
have the body of a kite; which being properly accom- 
modated with a tail, loop, and ſtring, will riſe in the air, 
like thoſe made of paper; ; but this being of filk, is fitter 
to bear the wet and wind of a thunder-guſt without tear- 
ing. To the top of the upright ſtick of the croſs is to 
be fixed a very ſharp pointed wire, riſing a foot or more 


above 
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above the wood. To the end of the twine, next the 
hand, is to be tied a ſilk ribbon, and where the filk and 
twine join, a key may be faſtened. This kite is to be 
raiſed when a thunder guſt appears to be coming on, and 
the perſon who holds the itring mult ſtand within a door 
or window, or under ſome cover, fo that the filk ribbon 
may not be wet; and care muſt be taken that the twine 
does not touch the frame of the door or window. As 
ſoon as any of the thunder clouds come over the kite, the 
pointed wire will draw the electric fire from them, and 
the kite, with all the twine, will be electrified, and the 
looſe filaments of the txine will ſtand out every way, and 
| be attracted by an approaching finger. And when the rain 
has wet the kite and twine, ſo that it can conduct the 
electric fire freely, you will find it ſtream out plentifully 
from the key on the approach of your knuckle: At this 
key the phial may be charged; and from electric fire thus 
obtained, ſpirits may be kindled, and all the other electric 
experiments be performed, which are uſually done by the 
help of a rubbed glaſs globe or tube, and thereby the ſame- 
neſs of the electric matter with that of Lightening com- 
_ ES B. P 
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FROM 
BeNnJ. FRANKLIN, E/q; of Philadelphia, 
T 0 


Pr rzx Col Lixsox, EV; F. R. S. London. 


SIR, Philadelphia, September 196%. 


enlarged and ſent to England in 1749. I confidered 


the ſea as the grand ſource of lightning, imagining its 
luminous appearance to be owing to electric fire, produc'd 


E my former paper on this ſubject, wrote firſt in 1747. 


by friction between the particles of water and thoſe of ſalt. 


Living far from the fea, T had then no opportunity of mak - 
ing experiments on the ſea water, ee, OEY 
pinion too haſtily. 

For in 1750 and 1751, being ocraſionally on the ſea 
coaft, I found, by experiments, that ſea water in a bottle, 


tho” at firſt it would by agitation appear luminous, yet in 
a few hours it loſt that virtue; Fence, and from this, that I 


could not by agitating 2 ſolution of fea falt in water pro- 
| — duce 


eee eee eee. 
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duce any light, I firſt began to doubt of my former hypo- 
theſis, and to ſuſpect that the luminous appearance in ſea 
water, muſt be owing to ſome other principles. 
I then conſidered whether it were not poſlible; that the 
particles of air, being. electrics per ſe, might, in hard gales 
of wind, by their friction againſt trees, hills, buildings, 
Sc. as ſo many minute electric globes, rubbing againſt non- 
electric cuſhions, draw the electric fire from the earth, and 
that the riſing vapours might receive that fire from the air, 
and, by ſuch means, the clouds become electrified. 

If this were ſo, I imagined that by forcing a conſtant 
violent ſtream of air againſt my prime conductor, by bel- 
lows, I ſhould electrify it negatively; the rubbing parti- 
cles of air, drawing from it part of its natural quantity of 
the electric fluid. I un made the e but 
it did not ſucceetc. 

In September 17 52, I wi an iron ** to {ji the 
lightning down. into my houſe, in order to make ſome ex- 
periments on it, with two bells to give notice when the 
rod ſhould be cledrify'd : A contrivance obvious to every 
electrician. 

I found the bells rang ſometimes 4 Fly, was no 
lightning or thunder, but only a dark cloud over the rod; 
that ſometimes after a flaſh of lightning they would ſud- 
denly ſtop ; and, at other times, when they had not rang 
before, they would, after a flaſh, ſuddenly begin to ring ; 
that the electricity was ſometimes Toy faint, ſo that when 

| a ſmall 
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a ſmall ſpark was obtain'd, another could not be got for 


ſame time after; at other times the ſparks would follow 


extremely quick, and once I had a continual ſtream from 
bell to bell, the ſize of a crow-quill : Even during the ſame 
guſt there were conſiderable variations. 


In the winter following I conceived an experiment, to 
try whether the clouds were electrify'd pofitzvely or nega- 


tively; but my pointed rod, with its apparatus, becoming 
out of order, I did not refit it till towards the ſpring, when 
I expected the warm weather would bring on more fre- 
quent thunder- clouds. 

The experiment was this: To take two chi; charge 


one of them with lightning from the iron rod, and give the 
other an equal charge by the electric glaſs globe, thro* the 


prime conductor: When charg'd, to place them on a table 
within three or four inches of each other, a ſmall cork ball 
being ſuſpended by a fine ſilk thread from the ceiling, ſo as 
it might play between the wires. If both bottles then were 


electrifyed paſctively, the ball being attracted and repelled 


by one, muſt be alſo repell'd by the other. If the one 
Poſetively, and the other negatively; then the ball would be 
attracted and repell'd alternately by each, and continue 
to play between them as long as any conſiderable charge re- 
mained, 

Being very intent on making this experiment, it was no 
ſmall mortification to me, that I happened to be abroad 
during two of the greateſt thunder-ſtorms we had early in 


the ſpring, and tho” I had given orders in my family, that 
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if the bells rang when I was from home, they ſhould catch 
ſome of the lightning for me in electrical phials, and they 
did fo, yet it was moſtly diſſipated before my return, and 
in ſome of the other guſts, the quantity of lightning I was 
able to obtain was ſo ſmall, and the charge ſo weak, that 
I could not ſatisfy myſelf: Yet I ſometimes ſaw what 
heighten'd my ſuſpicions, and inflamed my curioſity. 

At laſt, on the 12th of Abril 1753, there being a ſmart 
guſt of ſome continuance, I charged one phial pretty well 
with lightning, and the other equally, as neat as I could 
judge, with electricity from my glaſs globe; and, having 
placed them properly, I beheld, with great ſurprize and 
pleaſure, the cork ball play briſkly between them ; and 
was convinced that one bottle was electriſed negatively. 

I repeated this experiment ſeveral times during the guſt, 
and in eight ſucceeding guſts, always with the ſame ſuc- 
ceſs; and being of opinion (for reaſons I formerly. gave in 
my letter to Mr Kinner/ly, ſince printed in London) that the 
glaſs globe electriſes poſtively, I concluded that the clouds 
are always electriſed negatively, or have always in them leſs. 
than their natural quantity of the electric fluid. 

Yet notwithſtanding ſo many experiments, it ſeems I 
concluded too ſoon; for at laſt, June the 6th, in a guſt. 
which continued from five o'clock, P. M. to ſeven, I met 
with one cloud that was electriſed poſitively, tho' ſeveral 
that paſs'd over my rod before, during the ſame guſt, were 


in the negative ſtate, This was thus diſcovered : 
. I had 
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I had another concurring experiment, which I often re- 
peeated, to prove the negative ſtate of the clouds, vig. 
While the bells were ringing, I took the phial charged 
from the glafs globe, and applied its wire to the erected 
rod, conſidering, that if the clouds were electriſed pgſtive- 
ly, the rod which received its electricity from them, mult 
be ſo too; and then the additional poprzve - electricity of 
the phial would make the bells ring faſter :—But, if the 


clouds were in a negative ſtate, they muſt exhauſt the e- 


lectric fluid from my rod, and bring that into the ſame ne- 
gative ſtate with themſelves, and then the wire of a poſitive- 
ly charg'd phial, ſupplying the rod with what it wanted, 
(which it was obliged otherwiſe to draw from the earth by 
means of the pendulous braſs ball playing between the two 
bells) the ringing would ceaſe till the bottle was diſcharg'd. 


In this manner I quite diſcharged into the rod ſeveral 


phials that were charged from the glaſs globe, the electric 
fluid ſtreaming from the wire to the rod, till the wire 


would receive no ſpark from the finger; and during this 
ſupply to the rod from the phial, the bells ſtopt ringing ;- 


but by continuing the application of the phial wire to the 
rod, I exhauſted the natural quantity from the inſide ſur- 

face of the ſame phials, or, as be call it, hangs . ne- 

gatively. 

At length, while I was clinning4 a phial by my 1 

globe, to repeat this experiment, my bells, of themſelves, 


ſtopt ringing, and, after ſome pauſe, began to ring again. 


But now, when I approached the wire of the charg'd 
Cx: Phial 
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phial to the rod, inſtead of the uſual ſtream that I expec- 
ted from the wire to the rod, there was no ſpark ; not even 
when I brought the wire and the rod to touch ; yet the 
bells continued ringing vigorouſly, which. proved to me, 
that the rod was then poſitively electrify'd, as well as the 
wire of the phial, and equally ſo; and, conſequently, that 
the particular cloud then over the rod, was in the ſame po- 
ſitive ſtate. This was near the end of the guſt, 

But this was a ſingle experiment, which, however, de- 

ſtroys my firſt too general concluſion, and reduces me to 
this: That the clouds of a thunder-guſt are moſt commonly in 
a negative fate electricity, but Sometimes in a poſitive 
ate. 
The latter 1 3 is rare; for tho' I ſoon lo the | 
laſt experiment, ſet out on a journey to Boſton, and was 
from home moſt part of the ſummer, which prevented 
my making farther trials and obſervations ; yet Mr Kn- 
nenſſey returning from the iſlands juſt as I left home, pur- 
ſued the experiments during my abſence, and informs me 
that he always found the clouds in the negative ſtate. : 
- So that, for the moſt part, in thunder-ſtrokes, is the 
_ earth that ſtrikes into the _— and not the clouds that 
tribe into the earth. | | 
| Thoſe who are vers'd in electric e wit ably | 
conceive, that the effects and appearances. muſt be nearly 
the ſame in either cafe ; the ſame exploſion, and the fame 


flaſh between one How and another, and: between the 
| clouds 
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clouds and mountains, &c. the ſame rending of trees, walls, 
Ge. which the electric fluid meets with in its paſſage, and 
the ſame fatal ſhock to animal bodies; and that pointed 


rods fix'd on buildings, or maſts of ſhips, and communicat- 


ing with the earth or ſea, muſt be of the ſame ſervice in 
reſtoring the equilibrium filently between the-earth and 
clouds, or in conducting a flaſh or ſtroke, if one ſhould be, 
ſo as to fave harmleſs the houſe or veſſel : For points have 
equal power to throw off, as to draw on the electric fire, 
and rods will conduct up as well as down. 

But tho' the light gained from theſe experiments ak 
no alteration in the practice, it makes a conſiderable one in 
the theory. And now we as much need an hypotheſis to 
explain by what means the clouds become negatively, as 
before to ſhew how they became poſitively electriſied. 

I cannot forbear venturing ſome few conjectures on this 


occaſion : They are what occur to me at preſent, and tho” 


future diſcoveries ſhould prove them not wholly right, yet 
they may in the mean time be of ſome uſe, by ſtirring up 
the curious to make more experiments, and occafion more 
exact diſquiſitions. | 
I conceive then, that this felobs of earth and water, 
with its plants, ' animals, and buildings, have, diffus'd 
throughout their ſubſtance, a quantity of the electric fluid, 
juſt as much as they can contain, which I call the native! 
poly: 

That this natural quantity is not the ſame in all kinds of 
common matter under the ſame dimenſions, nor in the 

| fame 
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fame kind of common matter in all circumſtances but 
a ſolid foot, for inſtance, of one kind of common mat- 
ter, may contain more of the electric fluid than a ſolid 
foot of ſome other kind of common matter; and a pound 
weight of the ſame kind of common matter may, when 
in a rarer ſtate, contain more of the electric fluid than when 
in a denſer ftate. 
For the electric fluid, being attracted by any portion of 
common matter, the parts of that fluid (which have among 
themſelves a mutual repulſion) are brought ſo near to each 
other by the attraction of the common matter that abſorbs 
them, as that their repulſion is equal to the condenſing 
power of attraction in common matter; and then ſuch 
portion of common matter will abſorb no more. 
Bodies of different kinds having thus attracted and ab- 
ſorbed what I call their natural quantity, i. e. juſt as much 
of the electric fluid as is ſuited to their circumſtances of 
: denſity, rarity, and power of attracting, do not then ſhow 


any ſigns of electricity among each other, 


And if more electric fluid be added to one of theſe bo- 
dies, it does not enter, but ſpreads on the ſurface, forming 
an atmoſphere; and * ſuch body ſhows ligns of e- 
lectricity. 9 5 | 

I have in a former paper 8 common matter to 
A ſponge, and the electric fluid to water : I beg leave once 
more to make uſe of the ſame com pariſon, to illuſtrate far- 


n my meaning in this * 
When 
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When a ſponge is ſomewhat condens'd by being ſqueez- 
ed between the fingers, it will not receive and retain ſo 
much water as when in its more looſe and open ſtate. 

If more ſqueez d and condens'd, ſome of the water will 
come out of its inner parts, and flow on the ſurface. | 

If the preſſure of the fingers be entirely removed, the 
ſponge will not only reſume what was lately forced out, 
but attract an additional quantity. t 

As the ſponge in its rarer ſtate will u attract and 
abſorb more water, and in its denſer ſtate will naturally at- 
tract and abſorb leſi water; we may call the quantity it at- 
tracts and abſorbs in either ſtate, its natural wen the 
ſtate being conſiderel. 
| Now what the Wong? is to wang the ſame is water to 
the electric fluid. 
When a portion of water is in its common gene ate, 
it can hold no more electric fluid than i it has; if 210 be ad- 
ded, it ſpreads on the ſurface. : | 

When the ſame portion of water is rarefy d into vapour, 
and forins a cloud, it is then capable of receiving and ab- 
ſorbing a much greater quantity; there is room for each 
particle to have an electric atmoſphere. 

Thus water, in its rarefy'd ſtate, or in the form of a 
cloud, will be in a negative ſtate of electricity; it will have 
leſs than its natural quantity; that is, leſs than it is naturally 
capable of attracting and abſorbing i in that ſtate. 

Such a cloud, then, coming ſo near the earth as to be 


within the ſtriking diſtance, will receive from the earth a 
RN: flaſn 
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Baſh of the eleQric fluid; which flaſh, to ſupply a great 


extent of cloud, muſt ſometimes contain a Oy great quan- 


tity of that fluid. 

Or ſuch a cloud, paſſing over woods of tall trees; may 
from the points and ſharp edges of their moiſt top leaves, 
receive ſilently ſome ſupply. 

A cloud being by any means ſapply* d from the earth, 
may ſtrike into other clouds that have not been ſupply'd,. 
or not ſo much ſupply d; and thoſe to others, till an equi- 
librium is produc'd among all the clouds that are within 
ſtriking diſtance of each other. 

The cloud thus ſupply d, having parted whh mack of 
what it firſt receiv'd, may require and receive a freſh ſup- 
ply from the earth, or from ſome other cloud, which, by 
- the wind, is brought into ſuch a ſituation as to receive it 


= more readily from the earth. 


Henee repeated and continual ſtrokes and flaſhes till 
the clouds have all got nearly their natural quantity as. 
clouds, or till they have deſcended in ſhowers, and are u- 
nited again with this terraqueous globe, their original. 
Thus thunder-clouds are generally in a negative ſtate of 
electricity compar'd with the earth, agreeable to moſt of 
our experiments; yet as by one experiment we found a 
cloud eleQris'd poſitively, I conjecture that, in that caſe, 
ſach cloud, after having received what was, in its rare 
ſtate, only its natural quantity, became compreſs'd by the 
driving winds, or ſome other means, ſo that part of what 


it had abſorb” d. Was fore d out, and form'd an electric at- 
| moſphere | 
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moſphere around it in its denſer ſtate. Hence it was ca- 
pable of communicating poſitive electricity to my rod. 

To ſhow that a body in different circumſtances of dila- 
tation and contraction is capable of receiving and retain- 
ing more or leſs of the electric fluid on its ſurface, I 
would relate the following experiment. I placed a clean 
wine glaſs on the floor, and on it a ſmall filver can. In 
the can I put about three yards of braſs chain; to one 
end of which I faſtened a filk thread, which went right 
up to the cieling, where it paſſed over a pulley, and came 
down again to my hand, that I might at pleaſure draw 
the chain up out of the can, extending it till within a 
foot of the cieling, and let it gradually ſink into the can 
again, From the cieling, by another thread of fine 
raw filk, I ſuſpended a ſmall light lock of cotton, ſo as 
that when it hung perpendicularly, it came in contact 
with the fide of the can.— Then approaching the wire 
of a charged vial to the can, I gave it a ſpark, which 
flow'd round in an electric atmoſphere ; and the lock 
of cotton was repelled from the ſide of the can to the 
diſtance of about nine or ten inches. The can would 
not then receive another ſpark from the wire of the vial ; 
but as I gradually drew up the chain, the atmoſphere of 
the can diminiſh'd by flowing over the riſing chain, and 
the lock of cotton ebe drew nearer and nearer to 
the can; and then, if I again brought the vial wire near 
the can, it would receive another ſpark, and the cotton 
fly off again to its firſt diſtance ; and thus, as 46 chain 

R 2 - | Was 
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was drawn higher, the can would receive more ſparks ; 
becauſe the can and extended chain were capable of ſup- 
| Porting a greater atmoſphere than the can with the chain 
gather'd up into its belly.——And that the atmoſphere 
round the can was diminiſhed by raifing the chain, and 
increaſed again by lowering it, is not only agreeable to 
reaſon, ſince the atmoſphere of the chain muſt be drawn 
from that of the can, when it roſe, and returned to it 
again when it fell; but was alſo evident to the eye, the 
lock of cotton always approaching the can when the 
chain was drawn up, and receding when it was let down 
again. ; | 
Thus we ſee that increaſe of Fe 3 a body ca- 
pable of receiving a greater electric atmoſphere: But 
this experiment does not, I own, fully demonſtrate my 
new hypotheſis; for the braſs and filver till continue in 
their ſolid ſtate, and are not rarefied into vapour, as the 
water is in clouds. Perhaps ſome future experiments on 
vapourized water may ſet this matter in a clearer light. 

One ſeemingly material objection ariſes to the new hy- 
potheſis, and it is this. If water, in its rarefied ſtate, as 
a cloud, requires, and will abſord more of the electric 


fluid than when in its denſe ſtate as water, why does it 


not acquire from the earth all it wants at the inſtant of its 
leaving the ſurface, while it is yet near, and but juſt ri- 
ſing in vapour? To this difficulty I own I cannot at pre- 


ſent give a den ſatisfactory to mil I thought, 
ho- 
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however, that I ought to ſtate it in its full force, as I have 
done, and ſubmit the whole to examination. ; 

And I would beg leave to recommend it to the curious 
in this branch of natural philoſophy, to repeat with care 
and accurate obſervation, the experiments I. have reported 
in this and former papers relating to po/fzve and negative 
electricity, with ſuch other relative ones as ſhall occur to 
them, that it may be certainly known whether the elec- 
tricity communicated by a glaſs globe, be really poſiti ve. 
And alſo I would requeſt all who may have an opportuni- 
ty of obſerving the recent effects of lightning on buildings, 
trees, Gc. that they would confider them particularly 
with a view to diſcover the direction. But in theſe ex- 
aminations, this one thing is always to be underſtood, viz. 
that a ſtream of the electric fluid paſſing thro' wood, brick, 
metal, Sc. while ſuch fluid paſſes in ſmall quantity, the 
mutually repulſive power of its parts is confined and over- 
come by the coheſion of the parts of the body it paſſes thro? 
ſo as to prevent an exploſion ; but when the fluid comes 
in a quantity too great to be confin'd by ſuch coheſion, it 
_ explodes, and rends or fuſes the body that endeavour'd to 
confine it. If it be wood, brick, ſtone, or the like, the 
ſplinters will flie off on that fide where there is leaſt re- 
ſiſtance. And thus, when a hole is ſtruck thro' paſteboard 
by the electrify'd jar, if the ſurfaces of the paſte-board 
are not confin'd or compreſs'd, there will be a bur rais'd 
all round the hole on both ſides the paſte-board; but if one 


fide be confin'd, ſo that the buy cannot be rais'd on that 
N ſide, 
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ſide, it will be all rais'd on the other, which way ſoever the 
fluid was directed. For the bur round the outfide of the 
hole, is the effect of the exploſion every way from the cen- 
ter of the ſtream, and not an effect of the direction. 

In every ſtroke of lightning, I am of opinion that the 
ſtream of the electric fluid, moving to reſtore the equilibri- 
um between the cloud and the earth, does always previ- 
ouſly find its paſſage, and mark out, as I may fay, its own 
cCourſe, taking in its way all the conductors it can find, ſuch 
as metals, damp walls, moiſt wood, Fc. and will go confi- 
_ out of a direct courſe, for the fake of the aſſiſtance 

of good conductors; and that, in this courſe, it is actually 
moving, tho' filently and imperceptibly, before the explo- 
ſion, in and among the conductors ; which exploſion hap- 
pens only when the conductors cannot diſcharge it as faft 
as they receive it, by reaſon of their being incompleat, diſ- 
united, too fmall, or not of the beſt materials for conduct- 
ing. Metalline rods, therefore, of ſufficient thickneſs, and 
extending from the higheſt part of an edifice to the ground, 
being of the beſt materials and compleat conductors, will, 
I think, ſecure the building from damage, either by reſtor- 
ing the equilibrium ſo faſt as to prevent a ſtroke, or by con- 
ducting it in the ſubſtance of the rod as far as the rod goes, 
fo that there ſhall be no exploſion but what is above ite 
point, between that and the clouds. 

If it be aſk'd, what thickneſs of a metalline rod may be 
ſuppoſed ſufficient? In anſwer, I would remark, that five 
large glaſs * ſuch as I have deſcribed i in my former pa- 


3 
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| pers, diſchargea very great quantity of electricity, which 
nevertheleſs will be all conducted round the corner of a 
book, by the fine filletting of gold on the cover, it follow- 
ing the gold the fartheſt way about, rather than take the 
ſhorter courſe through the cover, that not being ſo good a 
conductor. Now in this line of gold, the metal is ſo ex- 
tremely thin as to be little more than the colour of gold, 
and on an octavo book is not in the whole an inch ſquare, 
and therefore not the 36th part of a grain according to 
M. Reaumur ; yet tis ſufficient to conduct the charge of 
five large jars, and how many more I know not. Now, I 
ſuppoſe a wire of a quarter an inch diameter to contain about 
5000 times as much metal as there is in that gold line, and 
if ſo, it will conduct the charge of 25,000 ſuch glaſs jarrs, 
which is a quantity, I imagine, far beyond what was e- 
ver contain'd in any one ſtroke of natural lightning. But 
2 rod of half an inch diameter would conduct four times as 
muchas one of a quarter, 

And with regard to conducting, o: a certain thick- 
neſs of metal be required to conduct a great quantity of 
electricity, and, at the ſame time, keep its own ſubſtance. 
firm and unſeparated ; and a leſs quantity, as a very ſmall 
wire for inſtance, will be deſtroyed by the exploſion; yet 
ſuch {mall wire will have anſwered the end of conducting 
that ſtroke, tho' it become incapable of conducting ano- 
ther. And conſidering the extream rapidity with which 
the electric fluid moves without exploding, when it has a 
free paſſage, or * metal communication, I ſhould 

| think 
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think a vaſt quantity would be conducted in a ſhort time, 
either to or from a cloud, to reſtore its equilibrium with 
the earth, by means of a very ſmall wire ; and therefore 
thick rods ſhould ſeem not ſo neceſſary. However, as the 
| quantity of lightning diſcharg'd in one ſtroke, cannot well 
be meaſured, and, in different ſtrokes, is certainly very va- 
rious, in ſome much greater than others ; and as iron (the 
beſt metal for the purpoſe, being leaſt apt to fuſe) is cheap, 
it may be well enough to provide a larger canal to guide 
that impetuous blaſt, than we imagine neceſſary: For, 
though one middling wire may be ſufficient, two or three 
can do no harm. And time, with careful obſervations 
well compar'd, will at length point out the PODS ſize to 
greater certainty. | 
Pointed rods erected on edifices may likewiſe often pre- 
vent a ftroke, in the following manner. An eye fo ſitu- 
ated as to view horizontally the under fide of a thunder 
cloud, will ſee it very ragged, with a number of ſeparate 
fragments, or petty clouds, one under another, the loweſt 
ſometimes not far from-the earth. Theſe, as ſo many 
ſtepping- ſtones, aſſiſt in conducting a ſtroke between the 
cloud and a building. To repreſent theſe by an experi- 
ment, take two or three locks of fine looſe cotton, con- 
nect one of them with the prime conductor by a fine 
thread of two inches, (which may be ſpun out of the 
ſame lock by the fingers) another to that, and the third 


to Ys ſecond, by like threads.—Turn the globe, and you 
. will 
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wil ſee theſe locks extend themſelves towards the table, 
(as the lower ſmall clouds do towards the earth) being at- 
tracted by it: But on preſenting a ſharp point ere& under 
the loweſt, it will ſhrink up to the ſecond, the ſecond to 
the firſt, and all together to the prime conductor, where 
they will continue as long as the point continues under 
them. May not, in like manner, the ſmall electriſed 
clouds, whoſe equilibrium with the earth is ſoon reſtor'd 


by the point, riſe up to the main body, and by that means 
occaſion fo large a vacancy, as that the grand cloud cannot 


ſtrike in that place? 
Theſe thoughts, my dear Gn, are many of them 


crude and haſty ; and if I were merely ambitious of acquir- 
ing ſome reputation in philoſophy, I ought to keep them 
by me, till corrected and improved by time and farther 


experience. But ſince even ſhort hints and imperfect ex- 


periments in any new branch of ſcience, being communi- 
cated, have oftentimes a good effect, in exciting the atten- 
tion of the ingenious to the ſubject, and ſo become the 
coccaſion of more exact diſquiſition, and more compleat 
diſcoveries. Vou are at liberty to communicate this paper 


to whom you pleaſe; it being of more importance that 


knowledge ſhould increaſe, than that your friend ſhould 
be en an aceurate men 
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Br x]. e ha, at Philadelphia, 
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urn ColIIxsox, EJ7; F. R.8. at mn. 


5 SIR, April 18, 1754+ 


f I N CE September laſt, having been abroad on two 
8 long journeys, and otherwiſe much engag d, I have 
made but few obſervations on the poſti ve and negative 
Nate of electricity in the clouds. But Mr Kinnerſiey kept 
his rod and bells in good order, and has made many. 
Once this winter the bells rang a long time, during a. 
fall of ſnow, tho' no thunder was heard, or lightning ſeen. 
Sometimes the flaſhes and cracks of the electric matter be- 
tween bell and bell were ſo large and loud as to be heard 
all over the houſe: but by all his obſervations, the 
clouds were conſtantly in a negative ſtate, till about ſix 

weeks ago, when he found them once to change in a few 
mihytes from the negative to the poſitive. About a fort- 
Oo : night 
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night after that he made another obſervation of the ſame 
kind; and laſt Monday afternoon, the wind blowing hard 
at S. E. and veering round to N. E. with many thick driv- 
ing clouds, there were five or fix ſucceſſive changes from 
negative to poſitive, and from poſitive to negative, the 
bells ſtopping a minute or two between every change. 
| Beſides the methods mentioned in my paper of September 

laſt, of diſcovering the electrical ſtate of the clouds, the fol- 
lowing may be us d. When your bells are ringing, paſs a 


rubb'd tube by the edge of the bell, connected with your 


pointed rod: if the cloud is then in a negative ſtate, the 


ringing will ſtop ; if in a poſitive ſtate, it will continue, 


and perhaps be quicker. Or, ſuſpend a very ſmall cork- 
ball by a fine filk thread, ſo that it may hang cloſe to the 
edge of the rod-bell: then whenever the bell is electriſied, 
whether poſitively or negatively, the little ball will be re- 
pell'd, and continue at ſome diſtance from the bell. Have 
ready a round-headed glaſs ſtopper of a decanter, rub it 
on your fide till it is electrified, then preſent it to the 


cork-ball. If the electricity in the ball is poſitive, it will 


be repell'd from the glaſs topper as well as from the bell. 
If negative, it will fly to the ſtopper. pins 
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IE E M. AR K 8 
n the Abbe NOLLET's 
Letters on ELECTRICITY. 

. e 
| BENJ. FRANKLIN, Ei; of Philadelphia, 
B V 1 
Mr Davip ColpEN of New-Tork.. 


STR, Cuoldenbam, in N. York, Dec. 4, 1753. 
N conſidering the Abbe Nollet's letters to Mr Frank» 
1 lin, J am obliged to paſs by all the experiments which 
are made with, or in, bottles hermetically ſealed, or 
exhauſted of air ; becauſe, not being able to repeat the 
experiments, I could not ſecond any thing which occurs 
to me thereon, by experimental proof. Wherefore, the 
- firſt point wherein I can dare to give my opinion, is in 
the Abbe's 4th letter, p. 66, where he undertakes to prove, 
that the electric matter paſſes from one ſurface to another 
through the intire thickneſs of the glaſs: He takes Mr 
Franklin's experiment of the magical picture, and writes 
thus of it, . When you electriſe a pane of glaſs coated 
cc on 


* 
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« on both ſides with metal, it is evident that whatever is 
Es placed on the ſide oppoſite to that which receives the 
e electricity from the conductor, receives alſo an evident 
4 electrical virtue.” Which Mr Franklin ſays, is that e- 
qual quantity of electric matter, driven out of this ſide, 
by what is received from the conductor on the other ſide; 
and which will continue to give an electrical virtue, to 
any thing in contact with it, till it is entirely diſcharged 
of its electrical fire. To which the Abbe thus objects: 
« Tell me, ſays he, I pray you, how much time is ne- 
ce ceſlary for this pretended diſcharge ? I can aſſure you, 
that after having maintain'd the electriſation for hours, 
< this ſurface, which ought, as it ſeems to me, to be en- 
cc tirely diſcharged of its electrical matter, conſidering ei- 
<< ther the vaſt number of ſparks that were drawn from it, 
c or the time that this matter had been expoſed to the action 
6 of the expulſive cauſe ; this ſurface, I ſay, appeared ra- 
< ther better electriſed thereby, and more proper to pra- 

« duce all the effects of an actual electric body. p. 68.” 
The Abbe does not tell us what thoſe effects were: all 
the effects I could never obſerve, and thoſe that are to 
be obſerved can eafily be accounted for, by ſuppoling that 
fide to be entirely deſtitute of electric matter. The moſt 
ſenſible effect of a body charged with electricity is, that 
when you preſent your finger to it, a ſpark will iſſue from 
it to your finger : Now when a phial, prepared for the 
1.eyaen experiment, is hung to the gun-barrel or prime- 
| . COn- 
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conductor, and you turn the globe in order to charge it; 


as ſoon as the electric matter is excited, you can obſerve a 


ſpark to iſſue from the external ſurface of the phial to 
your finger, which, Mr Framflin ſays, is the natural electric 
matter of the glaſs driven out by that received by the in- 


ner ſurface from the conductor. If it be only drawn out 


by ſparks, a vaſt number of them may be drawn; but if 


1 you take hold of the external ſurface with your hand, the 


phial will ſoon receive all the electric matter it is capable of, 


and the outſide will then be entirely deſtitute of its electric 


matter, and no ſpark can be drawn from it by the finger : 
here then is a want of that effect which all bodies, charg'd 


with electricity, have. Some of the effects of an electric 


body, which I ſuppoſe the Abbe has obſerved in the ex- 


terior ſurface of a charged phial, are that all light bodies 


are attracted by it. This is an effect which I have con- 


— 995 


ſtantly obſerved, but do not think that it proceeds from 
an attractive quality in the exterior ſurface of the phial, 
but in thoſe light bodies themſelves, which ſeem to be at- 
tracted by the phial. It is a conſtant obſervation, that 


when one body has a greater charge of electric matter in 


It than another (that is in proportion to the quantity they 
will hold) this body will attract that which has lefs : Now, 
I ſuppoſe, and it is a part of Mr Franklin's ſyſtem, that 
all thoſe Bight bodies which appear to be attracted, have 
more electric matter in them than the external ſurface of 
the phial has, wherefore they endeavour to attract the 
: 515 e phial 
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| ohial to them, which is too heavy to be moved by the 

ſmall degree of force they exert, and yet being greater 
than their own weight, moves them to the phial. The 
following experiment will help the imagination in con- 
ceiving this. Suſpend a cork ball, or a feather by a filk 
thread, and electriſe it; then bring this ball nigh to any 
fixed body, and it will appear to be attracted by that bo- 
dy, for it will fly to it: Now, by the conſent of electri- 
cians, the attractive cauſe is in the ball itſelf, and not 
in the fixed body to which it flies: This is a ſimilar caſe 
with the apparent attraction of light bodies, to the external 


ſurface of a charged phial. 
The Abbe ſays, p. 69. © that he can electriſe a hundred 


men, ſtanding on wax, if they hold hands, and if one of 


them touch one of theſe ſurfaces (the exterior) with the 
end of his finger” : This I know he can, while the phial is 
charging, but after the phial is charged I am as certain he 
cannot: That is, hang a phial, prepared for the Leyden 
experiment, to the conductor, and let a man, ſtanding on 
the floor, touch the coating with his finger, while the globe 
is turn'd, till the electric matter ſpews out of the hook of 
the phial, or ſome part of the conductor, which I take to 
be the certaineſt ſign that the phial has received all the e- 
lectric matter it can: after this appears, let the man, who 
before ſtood on the floor, ſtep on a cake of wax, where 
he may ſtand for hours, and the globe all that time turn- 
ed, and yet have no appearance of being electriſed. Af- 

| ter 
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ter the electric matter was ſpewed out as above from the 
hook of a phial prepared for the Lyden experiment, I 
hung another phial, in like manner prepared, to a hook fix - 
ed in the coating of the firſt, and held this other phial in 
my hand; now if there was any electric matter tranſmit- 
ted thro' the glaſs of the firſt phial, the ſecond one would 
certainly receive and collect it; but having kept the phials 
in this ſituation for a pats; time, during which the 
globe was continually turned, I could not perceive that the 
ſecond phial was in the leaſt charged, for when I touch- 
| ed the hook with my finger, as in the Leyden experiment, 

I did not feel the leaſt commotion, nor perceive any ſpark 
to ifſue from the hook. 

I likewiſe made the following « experiment. Hevidg 
charged two phials (prepared for the Leyden experiment) 
through their hooks; two perſons took each one of theſe 
phials in their hand; one held his-phial by the coating, the 
other by the hook, which he could do by removing the com- 
munication from the bottom before he took hold of the hook. 


| Theſe perſons. placed themſelves one on each fide of me, 


while.I ſtood on a cake of wax, and took hold of the hook 
of that phial which was held by its coating (upon which 

_ a ſpark iſſued, but the phial was not diſcharged, as I ſtood 
on wax) keeping hold of the hook, I touched the coat- 
ing of the phial that was held by its hook with my other 


hand, upon which there was a large ſpark to be ſeen be- 


tween my finger and the . and both Phials were 
| inſtantly 


* 
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inſtantly diſcharged. If the Abbe's opinion be right, that 
the exterior ſurface, communicating with the coating, is 
charged, as well as the interior, communicating with the 
hook ; how can I, who ſtand on wax, diſcharge both theſe 


phials, when it is well known I could not diſcharge one 
of them ſingly? Nay, ſuppoſe I have drawn the elec- 


tric matter from both of them, what becomes of it ? For 
J appear to have no additional quantity in me when the ex- 


periment is over, and I have not ſtirr'd off the wax : Where- 


fore this experiment fully convinces me, that the exterior 
ſurface i is not charged; and not only ſo, but that it wants 
as much electric matter as the inner has of exceſs : For by 
this ſuppoſition, which is a part of Mr Franklin's ſyſtem, 
the above experiment is eaſily accounted for, as follows : 


When I ſtand c on wax, my 8600 is not capable of receiving 


all the electric matter from the hook of one phial, which 


it'is ready to give; neither can it'give as much to the coating 


| on the other phial as it is es to take, when one is only 
-rrho- gage e 15 ud Saad our ap 
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applied to me: But when both are applied, the coating 
takes from one what the hook gives: Thus I receive the 
firs from the firſt phial at B, the exterior ſurface of which 
is ſupplied from the hand at A: I give the fire to the ſe- 
cond phial at C, whoſe interior 1urface is diſcharged by 
the hand at D. This diſcharge at D may be made evident 
by receiving that fire into the hook of a third phial, which, 
is done thus : In place of taking the hook of the road 
phial in your hand, run the wire of a third phial, prepared 
as for the Leyden experiment, through i it, and hold this third 
| Phial in your hand, the ſecond one hanging to it, by the 
ends of the hooks run through each other: When the ex- 
periment is performed, this third phial receives the fire at 
D, and will be charged. When this experiment is con- 
fidered, Tthink, it muſt fully prove that the exterior ſurface 
of a charged phial wants electrie matter, while the inner 
ſurface hasan excels of it. Onez ching more, worthy of 
notice in this ; | 
ſhock in my arms, tho' ſo great a quantity of electric mat- 
ter paſſes through them inſtantaneouſly : I only feel a prick- 
ling in the ends of my fingers. This makes me think the 
Abbe has miſtook, when he ſays, that there is no difference 
between the ſhock felt in performing the Leyden experi- 
ment, and the prickling felt on drawing ſimple ſparks, ex- 
cept that of greater to leſs. In the laſt experiment, as much 
electric matter went through my arms, as would have given 
mega very ſenſible ſhock, had there been an immediate com- 


mu- 
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' munication, by my arms, from the hook to the coating of 
the ſame phial ; becauſe when it was taken into a third 
phial, and that phial diſcharged ſingly thro' my arms, it 
gave me a ſenſible ſhock, If theſe experiments prove that 
the electric matter does not paſs through the intire thick 


neſs of the glaſs; it is a neceſſary conſequence that it muſt 


| always come out where it enter'd. 

The next thing 1 meet with is in the Abbe's fifth letter 
p. 88, where he differs from Mr Franklin, who thinks 
that the whole power of giving a ſhock is in-the glaſs it- 
ſelf, and not in the non- electrics in contact with it. The 


experiments which Mr Franklin gave to prove this opini- 
Loi III. p. 24. convinced me that he was in the right; ; 
and what the Abbe has aſſerted i in contradiction thereto, 
has not made me think otherwiſe. - The Abbe perceiving 


a 1 ſuppoſe, that the experiments, as Mr Franklin had | 
perform'd them, muſt prove his aſſertion; alters them | 
without giving any reaſon for it, and makes them-in a 


manner that proves nothing. Why will he have the phial, 


into which the water is to be decanted from 2 charged | 


 phial, held in a man's hand? If the power of giving a 
ſhock is in the water contain 4 in the phial, it ſhould re- 
main there tho decanted into another Phial, ſince no non- 
electric body touch'd it to take that power off. The phial 
being placed on wax is no obje Rion, for it cannot take the 

power from the water, if it had any, but it is a neceſſary 
| * | mean 
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means to try the fact; whereas, that phial's being charged 


when held in a man's hand, only proves that water will 
conduct the electric matter. The Abbe owns, p. 94, that 


he had heard this remarked, but ſays, Why is not a con- | 


ductor of electricity an electric ſubject? This 1 is not the 
queſtion ; Mr Fran#/in never ſaid that water was not an e- 


lectric ſubject; he ſaid, that the power of giving a ſhock 


was in the glaſs, and not in the water; and this, his expe- 
riments, fully prove; fo fully, that it may appear imper- 
tinent to offer any more: Yet as I do not know that the 
following has been taken notice of by any body before, 
my inſerting of it in this place may be excuſed. It is this: 
Hang a phial, prepared for the Leyden experiment, 
to the conductor, by its. hook, and charge it, which 


done, remove the communication from the bottom of 
the phial. Now the conductor ſhews evident ſigns of be- 


ing eleQriſed ; for if a thread be tied round it, and its ends 
left about two inches long, they will extend themſelves 
out like a pair of horns ; but if you touch the con- 
ductor, a ſpark will iſſue from it, and the threads will fall, 

nor does the conductor ſhew the leaſt ſign of being elec- 
triſed aſter this is done. I think that by this touch, I 
| have taken out all the charge of electric matter that was 


in the conductor, the hook of the phial, and water or fi- 


lings of iron contain d in it; which is no more than we 
ſiee all non- electric bodies will receive; yet the glaſs of the 
phial retains its power of giving a ſhock, as any one will 


find 
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find chat pleaſes to try. This experiment fully evidences, 


that the water in the phial contains no more electric mat- 
ter than it would do in an open baſon, and has not any 
of that great quantity which produces the ſhock, and is 
only retain'd by the glaſs. If after the ſpark is drawn. 
from the conductor, you touch the coating of the phial 
(which all this while is ſuppoſed to hang in the air, free, 
from any non-eleQric body) the threads on the conductor, 
will inſtantly ſtart up, and ſhew that the conductor i is elec, 
triſed. It receives this electriſation from. the inner ſurface of 


the phial, which, when the outer ſurface can receive what it 


Wants from the hand applied to it, will give as much: as: 
the bodies in contact with it can receive, or, if they be large 
enough, all that it has of exceſs. It is diverting to ſee how: 
the threads will riſe and fall by touching the eoating and 
conductor of the phial alternately. May it not be that the 
difference between the charged lide of the glaſs, and the. 


outer. or emptied fide, being lefſen'd by touching the hook 
or the conductor; the outer fide can receive from the 


hand which touched it, and by its receiving the inner. fide / 


cannot retain ſo much; and for that reaſon. ſo much as it 


cannot contain electriſes the water, or filings and conductor: 


For it ſeems to be a rule, that the one fide muſt be emptied: 
in the ſame proportion that the other is fill'd: Tho' this 
from experiment appears evident, yet: it is ſtill a me" 

not to be accounted for. 


— 
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1 am, in many places of the Abbe's book, ſurpriſed to 
find that experiments have ſucceeded ſo differently at Pa- 

71s from what they did with Mr Franblin, and as 1 have 
al ways obſerv'd them to do. The Abbe, in making expe- 
riments to find the difference between the two ſurfaces of 
a charged glaſs; will not have the phial placed or wax: 


For, ſays he, don't you know that being placed on a body 


originally electrie, it quickly loſes its virtue? ] cannot i- 
magine what ſhould have made the Abbe think ſo; 
certainly is contradictory to the notions commonly ir 
of electrics per ſe; and by experiment I find it entirely 
otlierwiſe: For Ban ſeveral times left a charged phial, 
for that purpoſe, ſtanding on wax for hours, found it to 
retain as much of its charge as another that ſtood at the 
ſame time on a table. I left one ſtanding on wax from 10 
O clock at night till 8 next morning, when I found it to 
retain-a ſufficient quantity of its charge, to give me a ſen- 
ſible bommotion ih my arms, though the room in which 
the phial ſtood had been ſwept in that time, which muſt 
hade rais'd pow duſt to Rs —_ n of the 
phial. rr et ö 
2 enlathat a n ball faſpended ne two bottles, ö 
the one fully and the other but little charged, will not 
play between them, but is driven into a ſituation that 
makes a triangle with the hooks of the phials; though 
the Abbe has aſſerted the contrary of this, p. 101, in or- 
der to account for the playing of a cork ball between the 
on” wire 
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wire chruſt into the phial, and one that riſes up from its 

coating. The phial which is leaſt: charged muſt have 
more electric matter given to it, in proportion to its bulk, 
than the cork ball receives from the hook of the fall 


phal. | 
The Abbe ſays, < 100 42 that « a piece a metal leaf 


„ hung to a ſilk thread and electriſed, will be repell'd by, 
ce the bottom of a charged phial held by its hook in the 
« air;” This J find conſtantly otherwiſe, it is with me al- 
ways firſt attracted and then repelled: It is neceſſary in 
charging the leaf to be careful, that it does not fly off to 

ſome non- electric body, and fo diſcharge itſelf when you 
think it is charged; it is difficult to keep it from flying to 
your own wriſt, or to ſome part of your body. | 

The Abbe, p. 108, ſays, © that it is not impoſſible, as 
« Mr Franklin ſays it is, to charge a phial while there is a 
« communication form'd between its coating and its hook.” 
I have always found it impoſſible to charge ſuch a phial ſo 
as togive it a ſhock : Indeed if it hang on the conductor 
without a communication from it, you may draw a ſpark 
from it as you may from any body that hangs there, but 
this is very different from being charged in ſuch a manner- 
as to give a ſhock, The Abbe, in order to account for 
the little quantity of electric matter that is to be found in 
the phial, ſays, that it rather follows the metal than the 
te glaſs, and that it is ſpewed out into the air from the coating 
« of the phial . I wonder how it comes not to do fo too, 
| when 
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when it ſifts through the glaſs, and charges the exterior 
ſurface, according to the Abbe's ſyſtem ! 2 

The Abbe's objections againſt Mr Franklin's two o laſt 
experiments, I think, have little weight in them : He ſeems, 
indeed, much at a loſs what to ſay, wherefore he taxes 
Mr Franklin with having conceal'd a material part of the 
experiment ; JE thing too-mean for any gentleman to be 
charged with, who has not ſhewn as great a partiality i in 
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ELECTRICAL EXPERIMENTS, 
With an Attempt to account for their 
SEVERAL PHENOMENA. 
| 3 with : 
Some Obſervations on 7. hunder-Clouds, & 


In further Confirmation of Mr FxanxLin's Ob- 
ſervations on the poſitive and negative electrical 
| State of the Clouds, by Joan CATER, M. A, eo 

5 and MES. 


Dec. 6, 1753. 


EXPERIMEN I. 
F. O M the cieling, or any convenient part of a 


room, let two cork- balls, each about the bigneſs 
of a ſmall pea, be ſuſpended by linen threads of 
eight or nine inches in length, ſo as to be in contact with 
cach other, Bring the excited glaſs tube under the balls, 
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and they will be ſeparated by it, when held at the diſtanee 
of three or four feet; let it be brought nearer, and they 
will ſtand farther apart; intirely withdraw it, and they 
will immediately come together. This experiment may 
be made with very ſmall braſs balls hung by filver wire; 
and will ſucceed as well with ſealing-wax made electrical, 
as with glass. 
RME NT 

If two cork- balls be ſuſpended by dry ſilk threads, the 
excited tube muſt be brought within eighteen inches be- 
fore they will repel each other; which they will continue 
to do, for ſome time, aſter the tube is taken away. 
As the balls in the firſt experiment are not inſulated, 
they cannot properly be ſaid to be electrified: but when 
they hang within the atmoſphere of the excited tube, they 
may attract and condenſe the electrical fluid round about 
them, and be ſeparated by the repulſion of its particles. 
It is conjectur'd alſo, that the balls at this time contain 
leſs than their common ſhare of the electrical fluid, on 
account of the repelling power of that which ſurrounds 
them; tho' ſome, perhaps, is continually entering and paſ- 
ſing thro' the threads. And if that be the caſe, the rea- 
ſon is plain why the balls hung by ſilk, in the ſecond ex- 
periment, muſt be in a much more denſe part of the at- 
moſphere of the tube, before they will repel each other. 

At the approach of an excited ſtick of wax to the balls, 


in the firſt . the electrical fire is ſuppoſed to 
come 
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come through the threads into the balls, and be condenſed 


there, in its paſſage towards the wax; for, according to 


Mr Franklin, excited glaſs emits the electrical fluid, but 
excited wax receives it. 


EXPERIMEN T III. 


Let a tin tube, of four or five feet in length, and about 


two inches in diameter, be inſulated by filk ; and from one 
end of it let the cork-balls be ſuſpended by linen threads. 
Electrify it, by bringing the excited glaſs tube near the 


| other end, fo as that the balls may ſtand an inch and an 


half, or two inches, a-part: Then, at the approach of 
the excited tube, they will, by degrees, loſe their repelling 


power, and come into contact; and as the tube is brought 
fill nearer, they will ſeparate again to as great a diſtance 


as before : In the return of the tube they will approach 
each other till they touch, and then repel as at firſt, If 
the tin tube be electriſied by wax, or the wire of a charg'd 
phial, the balls will be affected in the ſame manner at the 
approach of excited wax, or the wire of the phial. 


"EXPERIMENT W. 


Electrify the cork-balls as in the laſt experiment by glaſs, 
and at the approach of an excited ſtick of wax their re- 


pulſion will be increaſed. The effect will be the ſame, if 


the excited glaſs be brought towards them, when they have 


been electrified by wax. 
T he bringing the excited glaſs to the end, or edge of 
„„ the 
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| the tin-tube, in the third experiment, is ſuppos'd to eleg- 
trify it poſitively, or to add to the electrical fire it before 


contained; and therefore ſome will be running off through 
the balls, and they will repel each other. But at the ap- 
proach of excited glaſs, which likewiſe emits the electrical 
fluid, the diſcharge of it from the balls will be diminith'd ; 


or part will be driven back, by a force acting in a contrary 
direction; and they will come nearer together. If the 
tube be held at ſuch a diſtance from the balls, that the 
exceſs of the denſity of the fluid round about them, above 
the common quantity in air, be equal to the exceſs, of the 
denſity of that within them, above the common quantity 


contain'd in cork ; their repulſion will be quite deſtroy d. 
But if the tube be brought nearer; the fluid wtthout, be- 
ing more denſe than that within the balls, it will be at- 


tracted by them, and they will recede from each other 
again. 


of this fluid, by the approach of excited wax to one end 
ol it, or is electrified negatively ; the electrical fire is at- 
tracted and imbib'd by the balls to ſupply the deficiency; i 
and that more plentifully at the approach of excited glaſs; 


or a body poſitively electrified, than before; whence the 


diſtance between the balls will be increaſed, as the fluid 
ſurrounding them is augmented. And in general, whe- 
ther by the approach or receſs of any body; if the diffe- 


rence between the denſity of the internal and external fluid 


F 


When the apparatus has loſt — of its natural ſhare | 
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be increaſed, or diminiſhed ; the repulſion of the balls will 
be increaſed, or diminiſhed, accordingly. | 


EXPERIMENT V. 


When the inſulated tin tube is not electrified, bring the 
excited glaſs tube towards the middle of it, ſo as to be near- 
ly at right angles with it, and the balls at the end will re- 
pel each other; and the more fo, as the excited tube is 

brought nearer. When it has been held a few ſeconds, 
at the diſtance of about ſix inches, withdraw it, and the 
balls will approach each other till they touch; and then 
ſeparating again, as the tube is moved farther off, will con- 
tinue to repel when it is taken quite away. And this re- 
pulſion between the balls will be increaſed by the approach 
of excited glaſs, but diminiſhed by excited wax; juſt as 
if the apparatus had been electrified by wax, after the man- 
ner deſcribed in the third experiment. 


EXPERIMENT: VI. 


Inſulate two tin tubes, diſtinguiſhed by A and B, ſo as 
to be in a line with each other, and about half an inch 
apart; and at the remote end of each, let a pair of cork 

balls be ſuſpended. Towards the middle of A, bring the 
excited glaſs tube, and holding it a ſhort time, at the di- 
ſtance of a few inches, each pair of balls will be obſerved 
to ſeparate : withdraw the tube, and the balls of A will 
come together, and then repel each other again; but thoſe - 
| o B will * be affected. By the approach of the ex- 


cited 
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cited glaſs tube, held under the balls of A, their repulſion 
will be increaſed : but if the tube be brought, in the fame 


manner, towards the balls of B, their repulſion will be di- 


miniſhed. 


In the fifth experiment, the common ſtock of electrical 


matter in the tin tube, is ſuppoſed to be attenuated about 
the middle, and to be condenſed at the ends, by the re- 
pelling power of the atmoſphere of the excited glaſs tube, 
when held near it. And perhaps the tin tube may loſe 
ſome of its natural quantity of the electrical fluid, before 
it receives any from the glaſs; as that fluid will more 
readily run off from the ends and edges of it, than enter at 
the middle: and accordingly, when the glaſs tube is with- 
drawn, and the fluid is again equally diffuſed through the 
apparatus, it is found to be electrified negatively: For ex- 
cited glaſs brought under the balls will increaſe their re- 
pulſion. 

In the fixth experiment, _ of the fluid driven out 
of one tin tube enters the other ; which is found to be 
electrified poſitively, by the decreafing of the repulſion of 
its balls, at the approach of excited glaſs. 5 94 


EXPERIMENT VII. 


Let the tin tube, with a pair of balls at one end, ba 
placed three feet at leaſt from any part of the room, and 
the air render'd very dry by means of a fire: electrify the 


apparatus to a conſiderable degree; then touch the tin 


tube with a finger, or any other conductor, and the balls 
will 


1 
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will, notwithftanding, continue to repel each other; tho” 
not at ſo great a great a diſtance as before. 

The air ſurrounding the apparatus to the diſtance of two 
or three feet, is ſuppoſed to contain more or leſs of the 
electrical fire, than its common ſhare, as the tin tube is 
electrified poſitively, or negatively ; and when very dry, 
may not part with its overplus, or have its deficiency ſup- 

lied fo ſuddenly, as the tin; but may continue to be e- 
lectrified, after that has mr touch'd for a confiderable 


time. | 
| l 


EXPERIMENT VIII. 


Having made the Torricellian vacuum about five feet 

long, after the manner deſcribed in the Philoſophical Tranſ. | 
 aftions, Vol. xlvii. p. 370. if the excited tube be brought 
within a fmall diftance of it, a light will be ſeen through 
more than half its length; which ſoon vaniſhes, if the 
tube be not brought nearer; bat will appear again, as that i is 
moved farther off. This may be repeated ſeveral times, 
without exciting the tube afreſh. 

This experiment may be conſider'd as a kind of ocular 
demonſtration of the truth of Mr Franklin's hypotheſis ; 
that when the electrical fluid is condenſed on one fide of 
thin glaſs, it will be repelled from the other, if it meets 
with no refiſtance. According to which, at the approach 
of the excited tube, the fire is ſuppoſed to be repelled from 
| the 1 of the you ſurrounding the vacuum, and to be 
carried 
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carried of through the columns of mercury; but, as the 
tube is withdrawn, the fire is ſuppoſed to return. 
EXPFERIMENT. IX. 
Let an excited tick of wax, of two feet and an half 
in length, and about an inch in diameter, be held near 
its middle. Excite the glaſs tube, and draw it over one 
half of it; then, turning it a little about its axis, let the 
= tube be excited again, and drawn over the ſarae half; and 
| let this operation be repeated ſeveral times : then will that 
half deſtroy the repelling power of balls eleArified by glaſs, 
and the other half will increaſe it. 
By this experiment it appears, that waxalſo may be e- 
| lectrifed poſitively and negatively. And it is probable, 
that all bodies whatſoever may have the quantity they 
contain of the electrical fluid, increaſed, or diminiſhed, 
The clouds, 1 have obſerved, by a great number of expe- 
riments, to be ſome in a poſitive, and others in a negative 
ſtate of electricity. For the cork balls, electrified by them, 
will ſometimes cloſe at the approach of excited glaſs; and 
at other times be ſeparated to a greater diſtance. And this 
change I have known to happen five or fix times in leſs 
than Half ar. hour; the balls coming together each time 
„ and remaining in contact a few. ſeconds, before they repel 
each other again. It may likewiſe cally be diſcover'd, by 
a charged phial, whether the electrical fire be drawn out 
of the apparatus by a degfipe, cloud, or forced i into it by 
| TOR a poſi- 
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a poſitive one : and by which ſoever it be electrified, ſnould 
that cloud either part with its overplus, or have its defi- 
ciency ſupplied ſuddenly, the apparatus will loſe its electri- 
city: which is frequently obſerved to be the caſe, imme- 
diately after a flaſh of lightning. Yet when the air is very 
dry, the apparatus will continue to be electriſed for ten 
minutes, or a quarter of an hour, after the clouds have 
paſſed the zenith ; and ſometimes till they appear more 
than half-way towards the horizon. Rain, eſpecially when 
the drops are large, generally brings down the electrical 
fire : and hail, in ſummer, I believe never fails. When 
the apparatus was laſt electrified, it was by the fall of thaw- 
ing ſnow, which happened ſo lately, as on the 12th of 
November; that being the twenty- ſixth day, and fixty-firſt 
time, it has been electrified, ſince it was firſt ſet up; which 
was about the middle of May. And as Fabrenbeit's ther- 
mometer was but ſeven degrees above freezing, it is ſup- 
poſed the winter will not iatirely put a ſtop to obſervations 
of this ſort. At London, no more than two thunder- - 
ſtorms have happened during the whole ſummer ; and the 
apparatus was ſometimes ſo ſtrengly electrified in one of 
them, that the bells, which have been frequently rung by 
the clouds, ſo loud as to be heard in every room of the 
houſe (the doors being open) were filenced by the almoſt 
_ conſtant ſtream of denſe electrical fire, between each bell 

and the braſs ball, which would not ſuffer it to ſtrike. | 
T ſhall conclude this paper, already too long, with the 
following queries : | | | 
| - X | 1. May 
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"ve May not air, ſuddenly rarefied, give electrical fire to, 
and air ſuddenly condenſed, receive electrical fire from, 
clouds and vapours paſſing through it? | 

2. Is not the aurora borealis, the flaſbing of electrical 
fire from poſitive, towards negative clouds at a great diſ- 
tance, through the upper part of the atmoſphere, where 


the reſiſtance is leaſt ? ? 


A. Pa 


APPENDIX. 
S Mr Franklin: in a former letter to Mr Collin- 


ſon, mentioned his intending to try the power 
of a very ſtrong electrical ſhock upon a tur key, 


that gentleman accordingly has been fo very obliging as to 


fend an account of it, which is to the following purpoſe. 
se made firſt ſeveral experiments on fowls, and found, 

that two large thin glaſs jars gilt, holding each about fix 
gallons, were ſufficient, when fully charged, to kill com- 
mon hens outright; but the turkeys,, though thrown 
into violent convulſions, and then- lying as dead for 
ſome minutes, would recover. in leſs. than a quarter of 
an hour. However, having added three other ſuch. 
to the former two; though not fully charged, he killed 
a turkey. of about. ten pounds weight, and believes 
that they would have killed a much larger. He con- 
ceited, as himſelf ſays, that the birds kill'd in this manner 
eatuncommonly tender. | 

In. making theſe experiments, he found, that a man 
could, without great detriment, bear a much greater ſhock. 
than he had imagined : for he inadvertently received the 
ſtroke of two of theſe jars through his arms and body, when 
they were very near fully charged. It ſeemed to him an. 
univerſal blow. throughout the body from head to foot, 

| _ | and 


and was followed by a violent quick trembling in the trunk, 
which went off gradually in a few ſeconds. It was ſome 
minutes before he could recolle& his thoughts, ſo as to 
know what was the matter; for he did not ſee the flaſh, 
tho his eye was on the ſpot of the prime- conductor, from 
whence it ſtruck the back of his hand; nor did he hear 
the crack, though the by-ſtanders ſaid it was a loud one ;- 
nor did he particularly feel the ſtroke on his hand, tho” 
he afterwards found it had raiſed a ſwelling there, of the 

bigneſs of half a piſtol-bullet. His arms and the 
back of the neck felt ſomewhat numbed the remain- 

der of the evening, and his breaſt was ſore for a week 
after, as if it had been bruiſed. From this experiment 
may be ſeen the danger, even under the greateſt caution, to 
the operator, when making theſe experiments with large 
Jars ; for it is not to be doubted, but ſe veral of theſe fully 
charged would as certainly, by increaſing them, in propor- 
tion to the fize, kill a man, as they before did a nne 


N. B. The original of this letter, which was ug at the 
Rona Society, has been miſlaid, | 
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ELECTRICAL Exp ERIuRNTS zuade in Purſuance of 
thoſe made by My Canton, dated December 6, 
1753; with Explanations, by Mr Nn, | 
Franklin. 


Pbiladelpbia, March 14, 1755. 


PRINCIPLES, | 
Read at the Roy- * % atmoſpheres, that flow 


al Society, Dec. 18, : 
1755. round non- electric bodies, being 
brought near each other, do not 
readily mix and unite into one W but remain ie. | 
parate, and repel each other, 
This is plainly ſeen in ſuſpended cork ball and ker 
| bodies electrified. 

II. An electric atmoſphere not all repels another 4 
tric atmoſphere, but will alſo repel the electric matter con- 
tained in the ſubſtance of a body approaching it; and 
without joining or mixing with it, force it to oe * of 

the * that contained it. 
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This is ſhewn by ſome of the following experiments. 

HI, Bodies electrified negatively, or deprived of their 
natural quantity of Electricity, repel each other, (or at 
leaſt appear to do ſo, by a mutual receding) as well as 


thoſe electrified poſitively, or WER have electric atmo- 


ſpheres. 
This is ſhewn by applying the ati 8 wire 
of a phial to two cork balls, ſuſpended by ſilk threads, and 


by many other experiments. 


"PREPARATION. 
Fix a taſſel of fifteen or twenty threads, three inches 
long at one end, of a tin prime conductor, (mine is about 


five feet long, and four inches ——_— ſupported by filk 
es. 
Let the "REY be a litle damp, but not wet. 


EXPERIMENT JI. 
Paſs an excited glaſs Tube near the other end of the prime 


conductor, ſo as to _ it fome forks and the threads will 


 drverge. 


Becauſe each . as well as 5 prime conductor, 
has acquired an electric atmoſphere, which repels and is re- 
pelled by the atmoſpheres of the other threads: if thoſe ſe- 
veral atmoſpheres would readily mix, the threads might 
unite, a and hang i in the middle of one atmoſphere, common 
to them all. 5 91 
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Rub the tube afreſh, and approach the prime- conductor there- 


with, croſways, near that end, but not nigh enough to 
give ſparks; and the threads will diverge a little more. 


Becauſe the atmoſphere of the prime- conductor is preſ- 
ſed by the atmoſphere of the excited tube, and driven to- 
wards the end where the threads are, by which each thread 


_ acquires more atmoſphere. 


Withdraw the tube, and they will cloſe as much, 


They cloſe as much, and no more ; becauſe the atmo- 
ſphere of the glaſs tube not having tnized with the atmo- 
ſphere of the prime conductor, is withdrawn i intire, having 
made no addition to, or-diminution from it. 


Bring the excited tube under the tuft of threads, and they 
will choſe a little. | 


They cloſe, becauſe the atmoſphere of the glaſs tube re- 
pels their atmoſpheres, and drives part of them back on the 
prime conductor. 


Withdraw it, and they will diverge as much. 


For the portion of atmoſphere which they had loſt, re- 
turns to them again. 


5 EXPERIMENT. II. | 
Butte the glaſs tube, and approach the prime conductor with - 
it, holding it acroſs, near the end oppoſite to that on which 

the threads hang, at the diſtance of five or fix inches. 
Keep it there a few ſeconds, and the threads of the taſ- 
_ fels will diverge, Withdraw it, and they will cloſe. 
Ys They 
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They diverge, becauſe they have received electric atmo- 


ſpheres from the electric matter before contained in the ſub- 
ſtance of the prime conductor; but which is now repelled 


and driven away, by the atmoſphere of the glaſs tube, 


from the parts of the prime conductor oppoſite and neareſt 
to that atmoſphere, and forced out upon the ſurface of 


the prime conductor at its other end, and upon the threads 
hanging thereto. Were it any part of the atmoſphere of 


the glaſs tube that flowed over and along the prime con- 


ductor to the threads, and gave them atmoſpheres, ( as is 


the caſe when a ſpark is given to the prime conductor from 
the glaſs tube) ſuch part of the tube's atmoſphere would 
have remained, and the threads continue to ' diverge ; but 


they cloſe on withdrawing the tube, becauſe the tube takes 


with it all its own atmoſphere, and the electric matter, 


which had been driven 'out of the ſubſtance of the prime 
conductor, and formed atmoſpheres round the threads, is 
thereby permitted to return to its place. 


Take a ſpark from the prime conductor near the . 


when they are diverged as before, and they will clo oſe. 


For by ſo doing they take away their atmoſpheres, com- 
poſed of the electric matter driven out of the ſubſtance of 


the prime conductor, as aforeſaid, by the repellency of 


the atmoſphere of the glaſs tube. By taking this ſpark 


you rob the prime conductor of part of its natural quanti- 
ty of the electric matter; which part ſo taken is not ſup- 


plied by the _ _ for whey that is afterwards with- 


drawn 


8 
K 
2 
2 
I, 
4 
3 
2 
2 
8 
1 
2 
: 
4 


IE TOE - BG We et! r n 
r r Wt 


. 

i 

5 * 
PS: 7 
f 5 
2 
25 
* 
# 

* 

7 

3 , 

A 

o 


4 


on Ppiigſapbical &. ubjefts I 59 


drawn, it takes with it its whole atmoſphere, and leaves 
the prime conductor electriſed negatively, as appears by 


the next operation. 
Then withdraw the tube, and ehey + will open again. 


For now the electric matter in the prime conductor, re- 
turning to its equilibrium, or equal diffuſion, in all parts of 
its ſubſtance, and the prime conductor having loſt ſome of 
its natural quantity, the threads connected with it loſe part 


of theirs, and ſo are electriſed negatively, and therefore repel 


each other, by Pr. III. 


 * Approach the prime conductor with the tube near the ſame 


place as at firſt, and they will clſe again. | 

Becauſe the part of their natural quantity of electric 
fluid, which they had loſt, is now reſtored to them again, 
by the repulſion of the glaſs tube forcing that fluid to 
them from other parts of the prime conductor ; ſo they are 


now again in their natural ſtate, 


Withdraw it, and they will open again. 

For what had been reſtored to them, is now taken from 
them again, flowing back into the prime conductor, and 
leaving them once more electriſed negatively. 7 


Bring the exci ted tube under the threads, and they will ai 
verge more. 1275 
Becauſe more of their nap quantity is driven from 


them into the prime nen and thereby their negative 


Elefrigity increaſed, 
E X- 


160 LIETTERS ond PAPERS 


ETPERIMENT 0 -. 
The prime conductor not being eletrified, bring the excited 
tube under the taſſel, and the threads will diverge. 


Part of their natural quantity is thereby driven out of 
them into the prime conductor, and they become negatively | 


electriſed, and therefore repel each other. 


Keeping the tube in the ſame place with one hand, attempt. 


to touch the threads with the finger of the other hand, and 
they will recede from the finger. 


Becauſe the finger being plunged into the atmoſphere of 


the glaſs tube, as well as the threads, part of its natural 
quantity is driven back through the hand and body, by 
that atmoſphere, and the finger becomes, as well as the 

threads, negatively electriſed, and ſo repels, and is repelled 


by them. To confirm this, hold a ſlender light lock of 
cotton, two or three inches long, near a prime conductor, 
that is electrified by a glaſs globe, or tube. You will ſee 


the cotton ſtretch itlelf out towards the prime conductor. 


Attempt to touch it with the finger of the other hand, and 
it will be repelled by the finger. Approach it with a poſi. 
tively charged wire of a bottle, and it will fly to the wire. 


Bring it near a negatively charged wire of a bottle, it will 


recede from that wire in the ſame manner that it did from 
the finger; which demonſtrates the finger to be negatively 
electriſed, as well as the lock of cotton ſo ſituated, tes 


Extract 


on Philoſophical Subjects. 161 


Extra? of a Letter concerning Electricity, from 
Myr B. Franklin, 7 Monſ. Dalibard, at Paris, 
incliſed in a Letter to Mr Peter Colliſon 


py R. 8. 
Philadelphia, June 29, 1755. 


Read at the Royal 
Society, Do O U deſire my opinion of Pere Bec- 
18, 1755. caria's Italian book *. I have read 


it with much pleaſure, and think it one of the beſt pieces 
on the ſubject that I have ſeen in any language. Yet as to 
the article of water- ſpouts, I am not at preſent of his ſenti- 
ments; though I muſt own with you, that he has hand- 
led it very ingeniouſly. Mr Collinſon has my opinion of 
whirlwinds and water-ſpouts at large, written ſome time 
ſince. I know not whether they will be'publiſhed;; if not, 
I will get them tranſcribed for your peruſal. It does not 
appeart to me that Pere Beccaria doubts of the abſolute im- 
permeability of glaſs in the ſenſe I meant it ; for the inſtan- 
ces he gives of holes made through olaſ by the electric 
ſtroke, are ſuch as we have all experienced, and only ſhew 
that the electrie fluid could not paſs without making a hole. 
In the fame manner we ſay, glaſs is impermeable to water, 
and yet a ſtream from a fire-engine will force through the 
ſtrongeſt panes of a window. As to the effect of points in 
This work is written conformable to Mr Franklin's theory, upon 


artificial and natural Electricity, which compoſe the two parts of it, It 


was printed in Italian at Turin, in 4to. 1753; between the two parts is a 
letter to Be Abbe ee in n of * an ſyſtem. J. * | 
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drawing the electric matter from clouds, and thereby ſe- 
_ curing buildings, &c. which, you ſay, he ſeems to doubt, I 


muſt own I think he only ſpeaks modeſtly and judiciouſly. 


1 I find I have been but partly underſtood in that matter. 


I have mentioned it in ſeveral of my letters, and except 


once, always in the alternative, viz. that pointed rods e- 


rected on buildings, and communicating with the moiſt 
earth, would either prevent a ſtroke, or, if not prevented, 


would conduct it, ſo as that the building ſhould ſuffer no 


damage. Yet whenever my opinion is examined in Eu- 


rope, nothing is conſidered but the probability of thoſe rods 
preventing a ſtroke or. exploſion, which is only a part of 
the uſe I propoſed for them; and the other part, their 


conducting a ſtroke, which they may happen not to pre- 


vent, ſeems to be totally forgotten, e of 1 e 
tance and advantage. | 


1 thank you for communicating M. 45 Buffon $ 8 
of the effect of lightning at Dijon, on the 7th of June laſt. 


In return, give me leave to relate an · inſtance I lately ſaw 


of the ſame kind. Being in the town of Newbury in New- 
England, in November laſt, I was ſhewn the effect of 
lightning on their church, which had been ſtruck a few 
months before. The ſteeple was a ſquare tower of wood, 
reaching ſeventy feet up from the ground to the place 
where the bell hung, over which roſe a taper. ſpire, of 


wood likewiſe, reaching ſeventy feet higher, to the vane 


of the weather: cock. Near the bell was fixed an iron 


i hammer to ſtrike the hours; and from the tail of the ham- 


mer 
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mer a wire went down through a ſmall gimlet-hole in the 
floor that the bell ſtood upon, and through a ſecond floor 
in like manner; then horizontally under and near the 

plaiſtered cieling of that ſecond floor, till it came near a 


plaiſtered wall; then down by the ſide of that wall to a 
clock, which ſtood about twenty feet below the bell. The 
wire was not bigger than a common knitting needle. 
The ſpire was ſplit all to pieces by the lightning, and the 
parts flung in all directions over the. ſquare in which the 
church ſtood, ſo that nothing remained above the bell. 
The lightning paſſed between the hammer and the 
clock in the above-mentioned wire, without hurting either 
of the floors, or having any effe& upon them, (except mak- 
ing the gimlet-holes, through which the wire paſſed, alittle 


bigger, ) and without hurting the plaiſtered wall, or any part 


of the building, ſo far as the aforeſaid wire and the pen- 
dulum wire of the clock extended; which latter 


wire was about the thickneſs of a gooſe-quill. From the 


end of the pendulum, down quite to the ground, the 
building was exceedingly rent and damaged, and ſome 
ſtones in'the foundation-wall torn out, and thrown to the 
diſtance of twenty or thirty feet. No part of the afore- 
mentioned long ſmall wire, between -the clock and the 
hammer, could be found, except about two inches that 
hung to the tail of the hammer, and about as much that 
was faſtened to the clock; the reſt being exploded, and its 
particles diſſipated in ſmoke and air, as gunpowder is by 


common fire, and had only left a black ſmutty track on 


2 „ 
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the plaiſtering, three or four inches broad, darkeſt in the 
middle, and fainter toward the edges, all along the cieling, 


under which it paſſed, and down the wall. Theſe were 


the effects and appearances; on which I would _ make 
the few following remarks, V/2, 

1. That lightning, in its paſſage through a building, wil 
leave wood to paſs as far as it can in metal, and not enter 
the wood again till the conductor of metal ceaſes. 

And the ſame I have obſerved in other inſtances, as to 
walls of brick or ſtone. 

2. The quantity of lightning that paſſed through this 
ſteeple muſt have been very great, by its effects on the 
lofty ſpire aboye the bell, and on the ſquare tower all be- 
low the end of the clock pendulum. 

3. Great as this quantity was, it was ee by a 
ſmall wire and a clock pendulum, without the leaſt da- 
mage to the building fo far as they extended. 

4. The pendulum rod being of a ſufficient W 960 
conducted the lighining without damage to itſelf; but the 
mall wire was utterly deſtroyed. 

5. Though the ſmall wire was itſelf deſtroyed, yet it + had | 


conducted the lightning with ſafety to the building. 


6. And from the whole it ſeems probable, that if even 
fach a ſmall wire had been extended from the ſpindle of 
the vane to the earth, before the ſtorm, no damage would 


have been done to the ſteeple by that ſtroke of lightning, 
though the wire itſelf had been deſtroyed. 
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Parzn Col Lixs ox, . R. 8. at London, 


Dear Friend, Philadelphia, Nov. 23, 1753. 
N my laſt, via Virginia, I promiſed to ſend you per 
next ſhip, a ſmall philoſophical pacquet : But now 
having got the materials (old letters and rough draſts) 
before me, I fear you will find it a great one. Neverthe- 
leſs, as I am like to have a few days leiſure before this 
ſhip fails, which I may not have again in a long time, I 
ſhall tranſcribe the whole, and ſend it; for you will be 
under no neceſſity of reading it all at once, but may take 


it a little at a time, now and then of a winter evening. 
When you happen to have nothing elſe to do (if that ever 
happens, ) it may afford you ſome amuſement *. | 


B. F, 


* Theſe Letters and Papers are a Philoſophical Correſpondence between 


Mr Franklin and ſome of his American Friends. Mr Collinſan communi- 
cated them to the Royal Society, where they were read at different meet- 


ings during the year 1756. But Mr Fruntlin having particularly requeſted 
that they might not be printed, none of them were inſerted in the Tranſ- 
actions. Mr F. had at that time an intention of reviſing them, and pur- 


| ſuing ſome of the enquiries farther ; but finding that he is not like to have 


ſufficient leiſure, he has at length been induced, imperfect as they are, to 


permit their publication, as ſome of the hints they contain may poſſibly be 


— 


uſeful to others in their philoſophical reſearches, 
eb FE ae Ex- 
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rol of a Letter from a Gentleman in 
Bos rox, 70 BENJAMIN FRANKLIN, EJq, con- 
cer ning the crooked Direction , and the Source 


of Lightning. 


* 


ö Ss r | Bofton, Dec. 27, 1767. 
HE experiments Mr K. has exhibited here, have 
been greatly pleaſing to all ſorts of people that have 


ſeen them; and J hope, by the time he returns to Phila- 


delphia, his tour this way will turn to good account. His 
experiments are very curious, and I think prove moſt ef- 
fectually your doctrine of Electricity; that it is a real ele- 


ment, annexed to, and diffuſed among all bodies we are 
acquainted with; that it differs in nothing from lightning, 


the effects of both being fimilar, and their properties, ſo far 
as they are known, the fame, &c. 


The remarkable effect of lightning on iron, lately diſco- 


| wk; in giving it the magnetic- virtue, and the ſame effect 
produced on ſmall needles by the electrical fire, is a further 
and convincing proof that they are both the ſame element; 

but, which is very unaccountable, Mr K. tells me, it is 
neceſſary to produce this effect, that the direction of the 


needle and the electric fire ſhould be North and South; 


from either to the other, and that juſt ſo far as they device 


therefrom, - the magnetic power in the needle is leſs, till 
their direction being at right angles with the North and 
South, the effect entirely ceaſes, We made at Faneuil 


Hall, 
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on Philoſophical Subjects. | 167 
Hall, where Mr K——'s apparatus is, ſeveral experiments 
to give ſome ſmall needles the magnetic virtue; previouſly 
examining, by putting them in water, on which hes will be 
ſupported, whether or not they had any of that virtue ; and 
I think we found all of them to have ſome ſmall degree of 
it, their points turning to the North: We had nothing to 


do then but to invert the poles, which accordingly was 


done, by ſending through them the charge of two large 
glaſs jars; the eye of the needle turning to the North, as 
the point before had done ; that end of the needle which 
the fire is thrown upon, Mr K. tolls me always points to 


the North. 

The electrical fire paſſing through air has the ſame 
crooked direction as lightning, * This appearance I endea- 
vour to account for thus. Air is an electric per fe, there- 
fore there muſt be a mutual repulſion betwixt air and the 
electrical fire. A column or cylinder of air having the 
diameter of its baſe equal to the diameter of the electrical 


- ſpark, intervenes that part of the . body which the ſpark 18 
taken from, and of the body it aims at. The ſpark acts 


upon this column, and is acted upon by it, more ſtrongly 
than any other neighbouring portion of air. 

The column being thus acted upon, becomes more denſe, 
and being more denſe, repels the ſpark more ſtrongly; its 
repellency being in proportion to its denſity: Having ac- 
quired, by being condenſed, a degree of repellency greater 
than its natural, it turns the ſpark out of its ſtrait courſe; the 
neighbouring air which muſt be leſs denſe, and therefore 


This is moſt eaſily obſerved in large ſtrong if arks ellen at ſome inches 
oo ra | 
: has 
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has a ſmaller degree of penny, giving it a more ready 
paſſage. , 

The ſpark having taken a new direction, muſt now 
act on, or moſt ſtrongly repel the column of air which lies 
in that direction, and conſequently muſt condenſe that co- 
lumn in the ſame manner as the former, when the ſpark 
muſt again change its courſe, which courſe will be thus re- 
peatedly changed, till the ſpark reaches the body that at- 


tracted it. 
To this account one e objection occurs; that as air is very 


fluid and elaſtic, and fo endeavours to diffuſe itſelf equally, 


the ſuppoſed acccumulated air within the column aforeſaid, - 


would be immediately diffuſed among the contiguous air, 
and circulate to fill the ſpace it was driven from ; and 
| conſequently that the faid column, on the greater denſity 
of which the phenomenon is ſuppoſed to depend, would 
not 1 che ſpark more ee than the nn 
air. 

This wish be an objection, if the electrical fire was as 
| fluggiſh and inactive as air. Air takes a ſenſible time to 
diffuſe itſelf equally, as is manifeſt from winds which 
often blow for a conſiderable time together from the ſame 


point, and with a velocity even in the greateſt ſtorms, not 


exceeding, as it is ſaid, ſixty miles an hour: But the elec- 
tric fire ſeems Propagated inſtantaneouſly, taking up no per- 
ceptible time in going very great diſtances. It muſt then 
be an inconceivably ſhort time in its progreſs from an elec- 


trified to an unelectrified body, which, in the preſent caſe, 
can be but a few inches * But this ſmall portion of 


time 
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time is not ſufficient for the elaſticity of the air to exert 


itſelf, and therefore the column aforeſaid muſt be in a 
_ denſer ſtate than its neighbouring air. 


About the velocity of the electric fire more is ſaid below, 
which perhaps may more fully obviate this objection, - But 
let us have recourſe to experiments. Experiments will 
obviate all objections, or confound the hypotheſis, The 
electric ſpark, if the foregoing be true, will paſs through a a 
vacuum in a right line. To try this, let a wire be fixed 
perpendicularly on the plate of an air pump, having a leaden 
ball on its upper end; let another wire paſſing through the 
top of a receiver, have on each end a leaden ball; let 


| the leaden balls within the receiver, when put on he air 


pump, be within two. or three inches of each other : The 
receiver being exhauſted, the ſpark given from a charged 
vial to the upper wire, will pats through rarified air, near- 
ly approaching to a vacuum, to the lower wire, and I ſup- 


poſe in a right line, or nearly ſo; the ſmall portion of air 


remaining in the receiver, which cannot be entirely ex- 
hauſted, may poſſibly cauſe it to deviate a little, but per- 


haps not ſenſibly, from a right line. The ſpark alſo might 


be made to paſs through air greatly condenſed, which per- 


haps would give a ſtill more crooked direction. I have 
not had opportunity to make any experiments of this ſort, 


not knowing of an air- pump nearer than Cambridge, hut 
you can eaſily make them. If theſe experiments anſwer, 


I think the crooked direction of * will be n ac- 
* * | | 


* With 
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With reſpe& to your Letters on Electricity,“ * 


«„ „ ** „ * „ „„ * * *, Your Hy- 


potheſi in particular for explaining the phenomena of 
lightning is very ingenious. That ſome clouds are highly 
charged with electrical fire, and that their communicating 
it to thoſe that have leſs, to mountains and other emi- 
nencies, makes it viſible and audible, when it is denomina- 
ted lightning and thunder, is highly probable : But that 
the ſea, which you ſuppoſe the grand ſource of it, can col- 
lect it, I think admits of a doubt: For though the ſea be 
compoſed of falt and water, an electric per ſe and non- 


electric, and though the friction of electrics per ſe and non- 


electrics, will collect that fire, yet it is only under certain 


circumſtances, which water will not admit. For it ſeems 


neceſſary, that the electrics per ſe and non- electrics rubbing * 
one another, ſhould be of ſuch ſubſtances as will not adhere 
to, or incorporate with each other. Thus a glaſs or ſul- 
phur ſphere turned in water, and ſo a friction between 
them, will not collect any fire; nor, I ſuppoſe, would a 


ſphere of falt revolving in water; the water adhering to, 
or incorporating with thoſe electrics per ſe. But granting 
that the friction between ſalt and water would collect the 


electrical fire, that fire, being ſo extreamly ſubtil and active, 
would be immediately communicated, either to thoſe lower 


parts of the ſea from which it was drawn, and. ſo only per- 


form quick revolutions; or be communicated to the ad- 


jacent iſlands or continent, and ſo be diffuſed inſtantane- 
| ety through m —_—_ maſs of the Wb I ay inſtanta- 


gre | neouſly, | 
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neouſſy, for the greateſt diſtances we can conceive within 
the limits of our globe, even that of the two moſt oppoſite 
points, it will take no ſenſible time in paſſing through: 
And therefore it ſeems a little difficult to conceive how 
there can be any accumulation of the electrical fire upon 
the ſurface of the ſea, or how the vapours ariſing from the 
ſea, ſhould have a n ſhare of that fire than other ya 
pours. _ 

That the oth of the electrical fre is * a 
Gift, ſeems. evident from an experiment you yourſelf 
(not out of choice) made, when two or three large glaſs 
Jars were diſcharged through your body. Lou neither 
heard the crack, was ſenſible of the ſtroke, nor, which is 
more extraordinary, ſaw the light; which gave you juſt 
reaſon to conclude, that it was ſwifter than ſound, than 
animal ſenſation; and even light itſelf. Now light, (as 
aſtranomers have demonſtrated) is about ſix minutes paſ- 
ſing from the ſun to the earth; a diſtance, they ſay, of 
more than eighty millions of dc; The greateſt recti- 
linear diſtance within the compaſs of the earth, is about 
eight thouſand miles, equal to its diameter. Suppoſing 
then, that the velocity of the electric fire be the ſame as 
that of light, it will go through a ſpace equal to the earth's 
diameter in about = of one ſecond of a minute. It ſeems 
inconceivable then, that it ſhould be accumulated upon 
the ſea, in its preſent ſtate, which, as it is a non- electric, 
muſt give the fire an inſtantaneous paſſage to the neigh- 
bouring ſhores, and they convey it to the n maſs of 

Aa 3 the 
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the earth. But ſuch accumulation ſeems ſtill more incon- 


ceivable when the electrical fire has but a few feet depth of 


water to penetrate, to return to the place, from whence it 
is ſuppoſed to be collected. | 
Your thoughts upon theſe remarks I ſhall 1 receive with 


a great deal of pleaſure. I take notice that in the printed 


copies of your letters ſeveral things are wanting which are 
in the manuſcript you ſent me. I underſtand by your ſon, 
that you had writ, or was writing, a paper on the effect 


bol the electrical fire on loadſtones, needles, Gc. which I 
wauld afk the favour of a copy of, as well as of any other 


papers on Electricity, written fince I had the manuſcri es 
for which 1 __ my TIO 


Ian, Gc. 
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LETTER XV. 


Nie J. Fag., 205 af Philadelphia. 


Philadelphia, Fan. 24, 1752. 


. : 5 : 
Read at the Roy- Te AM glad to learn, by your favour of 
al 27,1756 | the 2 1ſt paſt, that Mr Kinnerſfley's 


lectures have been acceptable to the 
Gentlemen of Boſton, and are like to prove ſerviceable to 
himſelf, | | | 
 T thank you for the countenance and encouragement you 
have ſo kindly afforded my fellow-citizen, 
I ſend you encloſed an extract of a letter containing the 
| ſubſtance of what I obſerved concerning the communica- 
tion of magnetiſm to needles by Electricity. The minutes 
I took at the time of the experiments, are miſlaid. I am 
very little acquainted with the nature of magnetiſm, Dr 
Gawin Knight, inventor of the ſteel magnets, has wrote 
largely on that ſubje&, but I have not yet had leiſure to 
peruſe his writings with the attention neceſſary to become 
maſter of his doctrine, | 5 
A2 | | Your 


i | LerraRs and- Parzzs 


Your explication of the crooked direction of lightning, 
appears to me both ingenious and ſolid. When we can. 
account as fatisfaQtorily for the electrification of clouds, I 
think that branch of Natural Philoſophy will be nearly 
compleat. OY, : 

The air, dts, obſtruds the motion of the elec- 
tric fluid. Dry air prevents the diſſipation of an eleQric 
atmoſphere, the denſer the more, as in cold weather. I 
queſtion whether fuch an atmoſphere can be retained by a 
body in vacuo. A common electrical vial requires a non- 
electric n Mr ntion from the wire to every part of the 
| charged glaſs ; otherwiſe, being dry and clean, and filled 

with a air only, 1 it charges ſlowly, and diſchargey' gradually, 
by. ſparks, without a ſhock: But, exhauſted of air, the 
communication is fo open and free between the inſerted 
wire and ſurface of the glafs, that i it charges as readily, and 
ſhocks as ſmartly as if filled with water: And I doubt not, 

but that in the experiment you propoſe, the ſparks would 
not only be near ſtrait in vacuo, but ſtrike at a greater diſ- 
tance than in the open air, though perhaps there would not 
be a load exploſion. , As ſoon : as I have a little leiſure, I 
will make the experiment, and ſend you the reſũlt. | 

My ſuppoſition that the ſea might poſſibly be the grand 
fource of lightning, aroſc from the common obſervation of 

its! luminous appearance 1 in the night, on the leaſt motion; 

| an appearance never obſerved in freſh water. Then I 

knew that the electric fluid may be pumped up out of the 

earth, by the friction of a glaſs globe, on a non- electrie cu- 
ſhion; 
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ſhion; and that, notwithſtanding the ſurprizing activity and 
ſwiftneſs of that fluid, and the non · electric communication 
between all parts of the cuſhion and the earth, yet quanti- 
ties would be ſnatch'd up by the revolving ſurface of the 
globe, thrown on the prime conductor, and diffipated in 
air. How this was done, and why that ſubtile active ſpirit 
did not immediately return again from the globe, into ſome 
part or other of the cuſhion, and ſo into the earth, was dif- 
ficult to conceive ; but whether from its being oppoſed by 
a current ſetting upwards to the cuſhion, or from whatever . 
other cauſe, that it did not ſo return was an evident fact. 
Then 1 conſidered the ſeparate particles of water as ſo ma- 
ny hard ſpherules, capable of touching the falt only in 
points, and imagined a particle of ſalt could therefore no 

more be wet by a particle of water, than a globe by a cu- 
ſhion ; that there might therefore be ſuch a friction between 
theſe originally conſtituent particles of ſalt and water, as in 
a ſea of globes and cuſhions; that each particle of water on 
the ſurface might obtain from the common maſs, ſome 
particles of the univerſally diffuſed, much finer, and more 
ſubtil electric fluid, and forming to itſelf an atmoſphere of 
thoſe particles, be repelled from the then generally electri- 
fied ſurface of the ſea, and fly away with them into the air. 
I thought too, that poſſibly the great mixture of particles 
electric per ſe, in the ocean water, might, in ſome degree, 
impede the ſwift motion and diffipation of the electric fluid 
through it to the ſhores; c. But having ſince found, that 


18 * in the water of an — vial, does not leſſen the ſhock ; 
and 
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and having endeavoured in vain to produce that luminous 


appearance from a mixture of ſalt and water agitated; and 
obſerved, that even the ſea- water will not produce it after 
ſome hours ſtanding in a bottle; I ſuſpect it to proceed 
from ſome principle yet unknown to us (which I would 
gladly make ſome experiments to diſcover, if I lived near 


the ſea) and I grow more doubtful of my former ſuppoſiti- 
on, and more ready to allow weight to that objeCtion 


(drawn from the activity of the electric fluid, and the rea- 
dineſs of water to conduct) which you have indeed ſtated 
with great ſtrength and clearneſs, 


In the mean time, before we part with this hypotheſis, 


let us think what to ſubſtitute in its place, I have ſome» 
times queried whether the friction of the air, an electric 


per ſe, in violent winds, among trees, and againſt the ſur- 


face of the earth, might not pump up, as ſo many glaſs 


globes, quantities of the electric fluid, which the riſing va- 


' pours might receive from the air, and retain in the clouds 


they form? on which I ſhould be glad to have your ſenti- 


ments. An ingenious friend of mine ſuppoſes the land- 


clouds more likely to be electriſied than the ſea- clouds. 1 


ſend his letter for your peruſal, which pleaſe to return me. 
I have wrote nothing lately on Electricity, nor obſerved 
any thing new that is material, my time being much taken 


up with other affairs. Yeſterday I diſcharged four jars 


through a fine wire, tied up between two ſtrips of glaſs : 
Fhe wire was in part melted, and the reft broke into ſmall 
Pieces, from half an inch long, to half a quarter of an inch. 


My 
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My globe raiſes the electric fire with greater eaſe, in much 


greater quantities, by the means of a wire extended from 


the cuſhion, to the iron pin of a pump handle behind my 


houſe, which communicates * 18 r n * 


water in the well. — 

By this poſt I fend to ES. "ww is curious in WW 
way, ſome meteorological obſervations - and conjectures, 
and deſire him to communicate them to you, as they may 
afford you ſome amuſement, and I know you will look o- 
ver them with a candid eye. By throwing our occaſional 


thoughts on paper, we more readily diſcover the defects 


of our opinions, or we digeſt them better, and find new 
arguments to ſupport them. This I ſometimes practice; 
but ſuch pieces are fit only to be ſeen by friends. 


v 


Jan, &. 


Z. F. 
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LETTER XV. 


br rom J. B. Bl of Bun, 
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8 I R. Tut Buffon, March 2, 1752. ; 
Read at the Royal Have received your favour of the 24th | * 


1 * of January paſt, incloſing an extract 


from your letter to Mr Collinſon, and : | 
s letter to yourſelf, which J have read with a great | 
deal of pleaſure, and am much obliged to you for. Your 
extract confirms a correction Mr Kinnerfley made a few 
days ago, of a miſtake I was under reſpecting the polarity 
given to needles by the electrical fire, © that the end which 
< receives the fire always points North; and, © that the 
<«« needle being ſituated Eaſt and Weſt, will not have a po- 
&* lar direction.“ You find, however, the polarity ſtrong- 
eſt when the needle is ſhocked lying North and South ; 
weakeſt when lying Eaſt and Weſt ; which makes it pro- 
| bable that the communicated magnetiſm is leſs, as the nee- 
| | dle 
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dle varies from a North and South ſituation. As to the 
needle of Capt. WaddePs compaſs, if its polarity was rever- 
ſed by the lightning, the effect of lightning and Electricity, 

in regard of that, ſeems diſſimilar; for a magnetic needle 
in a North and South ſituation (as the compaſs needle was) 


inſtead of having its power reverſed, or even diminiſhed, 


would have it confirmed or increaſed by the electric fire. 
But perhaps the lightning communicated to ſome nails in 
the binnacle (where the compaſs is placed) the magnetic 
virtue, which might diſturb the compaſs. 

This I have heard was the caſe; if fo, the ſeeming diſſi- 
milarity vaniſhes : But this remarkable circumſtance (if it 
took place) I ſhould think would not be omitted in Lon 
Waddel's account. 

TI am very much pleaſed that the „ T ſent you, 
of the crooked direction of lightning, meets with your ap- 
_ probation. 

As to your 3 about the ſource of lightning, the 
luminous appearance of the ſea in the night, and the fimi- 
litude between the friction of the particles of ſalt and wa- 
ter, as you conſidered them in their original ſeparate ſtate, 
and the friction of the globe and cuſhion, very naturally led 
| you te the ocean, as the grand ſource of lightning: But the 

activity of lightning, or the electric element, and the fitneſs 
of water to conduct it, together with the experiments you 
mention of ſalt and water, ſeem to make againſt it, and to 
Prepare the way for ſome other hypotheſis. Accordingly 


you propoſe a new one, which is very curious, and not ſo 


B b lable, 
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liable, I think, to objections as the former. But there is 
not as yet, I believe, a ſufficient variety of experiments to 


eſtabliſh any theory, though this ſeems the moſt hopeful - 


of any I have heard of. 

The effect which the diſcharge « of your four gn jars 
had upon a fine wire, tied between two ſtrips of glaſs, puts 
me in mind of a very fimilar one of lightning, that I ob- 
ſerved at New-York, October 1750, a few days after I left 
Philadelphia. In company with a number of Gentlemen, 
I went to take a view of the city from the Dutch church 
ſteeple, in which is a clock about twenty or twenty-five 


feet below the bell. From the clock went a wire through 


two floors, to the clack-hammer near the bell, the holes in 
the floor for the wire being perhaps about a quarter of an 
inch diameter. We were told, that in the ſpring of 1750, 


the lightning ſtruck the clock-hammer, and deſcended a» 


long the wire to the clock, melting in its way ſeveral ſpots 
of the wire, from three to nine inches long, through one- 


third of its ſubſtance, till coming within a few feet of the 


lower end, it melted the wire quite through, in ſeveral pla- 


des, ſo that it fell down, in ſeveral pieces; which ſpots and 


pieces we ſaw. When it got to the end of the wire, it 
flew off to the hinge of a door, ſhattered the door, and diſ- 
fipated. In its, paſſage through the holes of the floors it 
did not do the. leaſt damage, which evidences that wite is 

a good conductor of lightning (as it is of Electricity) pro- 
vided it be dubllantial ak and might, in this Is had 

it 
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it been continued to the earth, have conducted it without 
damaging the building “. | . - 

Your information about your globe's raiſing the electric 
fire in greater quantities, by means of a wire extended from 


the cuſhion to the earth, will enable me, I hope, to re- 
medy a great inconvenience I have been under, to collect 


the fire with the electrifying glaſs I uſe, which is fixed in a 
very dry room, three ſtories from the ground. When you 
ſend your meteorological obſervations to ** * *, I hope 
I ſhall have the pleaſure of ſeeing them. 


J am, &c. 
bs - 


| 49 | 
* The wire mentioned in this account was re-placed by a ſmall braſs 


chain. In the ſummer of 1763, the lightning again truck that ſteeple, 
and from the clock-hammer near the bell, it purſued the chain as it had be- 


fore done the wire, went off to the ſame hinge, and again ſhattered the 


ſame door. In its paſſage through the ſame holes of the ſame floors, it did 


no damage to the floors, nor to the building during the whole extent of the 
Chain. But the chain itſelf was deſtroyed, being partly ſcattered about in 

gments of two or three links melted and ſtuck together, and partly blown 
up or reduced to ſmoke, and diflipated.— ¶ See an account of the ſame effect 
of lightning on a wire at Newbury, p. 163.) The ſteeple, when repair d, 
was guarded by an iron conductor, or rod, extending from the foot of the 
vane-ſpindle down the outfide of the building, into the earth.—The news- 
papers have mentioned, that in 1765, the lightning fell a third time on the 
fame ſteeple, and was ſafely conducted by the rod ; but the particulars are 
not come to hand. | 
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Phy ical and Meteorological Obſervations, 3 


2/67 won and Sup poſitions ; 3 BP. 


Read at the . ahh 


3, 1756. tual repulſion. | 


Every three particles, mutually and equally repelling each 
other, muſt form an equilateral triangle. 


All the particles of air gravitate towards the earth, which 


gravitation compreſſes them, and ſhortens the ſides of the 
triangles, otherwiſe their mutual repellency would force 
them to greater diſtances from each other. Fe) 


Whatever particles of other matter, (not endued wich 
that repellency) are ſupported in air, muſt adhere to the 
particles of air, and be ſupported by them ; for in Fr va- 
cancies there is nothing they can reſt on. 

Air and water mutually attract each other. Hence water 
will diſſolve in air, as ſalt in water. | 


The ſpecific gravity of matter is not altered by Sint 


the matter, though the ſuperficies be increaſed. Sixteen 
leaden bullets, of an ounce each, weigh as much in water 
as one of a pound, whoſe ſuperficies i is leſs. 

Therefore the ſupporting of ſalt in water is not owing 
to its ſuperficies being increaſed. 

A lump of ſalt, tho' laid at reſt at the bottom of a veſ- 
ſel of water, will diffolve therein, and its parts move every 


way, till equally e in the water; therefore there is 
| a mu- 


* 


\HE particles of air are kept ata dis. 
Society, June tance from each other by their mu- 


8 


1 
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ne 


carried up in dry ſeaſons : Showers waſh it from the air, 
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a mutual attraction between water and ſalt. Every parti- 
cle of water aſſumes as many of ſalt as can adhere to it; 


when more is added, it precipitates, and will not remain ſuſ- 


: pended. 


Water, in the ſame manner, will diſſolve in air, every 
particle of air aſſuming one or more particles of water. 


When too much is added, it precipitates in rain, 


But there not being the ſame contiguity between the 
particles of air as of water, the ſolution of water in air is 
not carried on without a motion of the air, ſo as to cauſe a 
treſh acceſſion of dry particles, 

Part ofa fluid, having more of what it diſſolves, will com- 
municate to other parts that have leſs. Thus very ſalt water 
coming in contact with freſh, communicates its ſaltneſs till 


all is equal, and the ſooner if there is a little motion of 


the water. 


Even earth will diſſolve, or mix with air. A ſtroke 
of a horſe's hoof on the ground, in a hot duſty road, 


will raiſe a cloud of duſt, that ſhall, if there be alight 


breeze, expand every way, till, perhaps, near as big as a 
common houſe. It is not by mechanical motion commu- 


nicated to the particles of duſt by the hoof, that they fly ſo 


far, nor by the wind that they ſpread ſo wide : But the air 
near the ground, more heated by the hot duſt ſtruck into it, 


is rarified and riſes, and in riſing mixes with the cooler air, 


and communicates of its duſt to it, and it is at length fo 
diffuſed as to become inviſible, Quantities of duſt are thus 


and 


bl 
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and bring it down again. For water atttacting it logen | 


it quits the air, and e to the water. 

Air (uffering continual changes in the degrees of its heat, 
from various cauſes and circumſtances, and, conſequently, 
changes in its ſpecific gravity, muſt therefore be i in 1 conti- 
nual motion. 


A ſmall quantity of fire mixed wit water (or dene of : 


heat therein) ſo weakens the coheſion of its particles, that 


thoſe on the ſurface caſily quit it, and adhere to the 255 


of air. 

A greater degree of heat f is required to break the coheſion 
between water and air. 
| Air, moderately heated, will ſupport : a greater quantity 
of water inviſibly than cold air; for its particles being by 
heat repelled to a greater diſtance from each other, thereby 


more eaſily keep the particles of water that are annexed to 


them from running into coheſions that would obſtruct, re- 
fract, or reflect the light. 


Hence when we breathe in warm air, 3 the ſame 


quantity of moiſture may be taken up from the lungs, as 
when we breathe i in cold air, yet; that moiſture is not fo 
viſible. . 

Water bes extremely heated, i. e. to che "Fg of 
boiling, its particles in quitting it ſo repel each other, as to 
take up vaſtly more ſpace than before, and by that repel- 
leney ſupport themſelves, expelling the air from the ſpace 
they occupy. That degree of heat being leſſened, they a- 
gain mutually attract and having no air- particles mixed to 


ad- 
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adhere to, by which they might be ſupported and kept at a 


diſtance, they inſtantly fall, coaleſee, and become water a- 


gain. | 
The water commonly diffus'd in our atmoſphere, never 


receives ſuch a degree of heat from the ſun, or other cauſe, 
as water has when boiling ; it is not, therefore, {upported 
by ſuch heat, but by adhering to air. 
Water being diſſolv'd in, and adhering: to air, that air 
will not readily take up oil, becauſe of the mutual 1 


between water and oil. 
Hence cold oils evaporate but lowly, Fg air having ge- 


nerally a quantity of diſſolved water. 

Oil being heated extremely, the air that approaches its 
ſurface will be alſo heated extremely; the water then, 
quitting it, it will attract and carry off oil, which can now. 
adhere to it. Hence the N ante of oil heated to 
gas degree. 

Oil being diflolved i in air, the particles to which it ad- 
. will not take up water. 

Hence the ſuffocating nature of air 3 wich 
durnt greaſe, as from ſnuffs of candles, and the like. A 
certain quantity of moiſture ſhould be every moment diſs, 
charged and taken away from the lungs ; air that has becn 

frequently breath'd, is already overloaded, and, for. .that 
reaſon, can take no more, ſo will not anſwer, the end. 
Grealy air refuſes to touch it. In both caſes den 


for want of the diſcharge. 9 


Air will attract and ſupport many obs e 
A par- 
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A particle of air loaded with adhering water, or any 
any other matter, is heavier than before, and would deſcend. 
The atmoſphere ſuppoſed at reſt, a loaded deſcending 
particle muſt act with a force on the particles it paſſes be- 
tween, or meets with, ſufficient to overcome, in ſome de- 
gree, their mutual repellency, and puſh them nearer to 
each other. | 
5 Thus, ſuppoſing the particles A \ BCD, and 
» Bs c 6 the others near them, to be at the diſtance 
0 0 O Ocauſed by their mutual repellency (confin'd 
O O © by their common gravity) if A would de- 
o oO o o ſcend to E, it muſt paſs 'between B and C; 
"DR when it comes between B and C it will be 
nearer to them than before, and muſt either have puſh'd 
them nearer to F and G, contrary to their mutual repellen- 
cy, or paſs through by a force exceeding its repellency with 
them, It then approaches D, and, to move it out of the 
way, muſt act on it with a force ſufficient to overcome its 
repellency with the two next lower nm by which it 
is kept in its preſent fituation. 
Every particle of air, therefore, will bike any load infe- 
rior to the force of theſe repulſions. 
Hence the ſupport of fogs, miſts, clouds. | 
Aer! warm air, clear, though ſupporting a very great 
quantity of moiſture, will grow turbid and cloudy on the 
mixture of a colder air, a foggy turbid air will grow 


clear by ene 2 | © 
2 | | 5; Thus 


on Philoſophical Subjects. 187 
Thus the ſun ſhining on a morning fog, diſſipates it; 
clouds are ſeen to waſte in a ſun- ſhiny day. | 
But cold condenfes and renders viſible the vapour ; 
tankard or decanter filled with cold water, will 8 
the moiſture of warm clear air on its outſide, where it be- 
comes viſible as dew, coaleſces i into drops, deſcends i in little 
ſtreams. 2 . 805 
The ſun heats the air of our atmoſphere moſt near the 
ſurface of the earth; for there, beſides the direct rays, there 
are many reflections. Moreover, the earth itſelf being 
heated, communicates of its heat to the neighbouring air. 
The higher regions having only the direct rays of the 
ſun paſſing through them, are comparatively very cold. 
Hence the cold air on the tops of mountains, and ſnow on 
ſome of them all the year, even in the n zone. Hence 
hail in fummer. | 
If the atmoſphere were, al of it (both ab above an below) 
always of the ſame temper as to cold or heat, then the up- 
per air would always be rarer than the lower, becauſe the 
preſſure on it is leſs ; e e lighter, and therefore 
would keep its place. ade N 
But the upper air may be more ;onenſed by cold than 
the lower air by preſſure; the lower more expanded by 
heat, than the upper for want of preſſure. In ſuch caſe the 
upper air will become the heavier, the lower the lighter. 
The lower region of air being heated and expanded, 
heaves up, and ſupports for ſome time the colder heavier 
- air above, and will continue to ſupport it while the equili- 
11 Cc | librium 
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brium is kept. Thus water is ſupported in an inverted o- 


pen glaſs, while the equilibrium is maintained by the equal 
preflure upwards of the air below ; but the equilibrium by 
any means breaking, the water deſcends on che heavier ide, 
and the air riſes into its place. 

The lifted heavy cold air over a heated country, becom- 
ing by any means unequally ſupported, or unequal in its 
weight, the heavieſt part deſcends firſt, and the reſt follows 
impefuouſly. Hence guſts after heats, and hurricanes in 
hot climates. Hence the air of guſts and hurricanes cold, 
though in hot climes and ſeaſons ;- it coming from above. 

The cold air deſcending from above, as it penetrates our 
warm region full of watry particles, condenſes them, ren- 


ders them viſible, forms a cloud thick and dark, overcaſt- 


ing ſometimes, at once, large -and extenſive ; ſometimes, 
when ſeen at a diſtance, ſmall at firſt, gradually increaſing ; 
the cold edge, or furface, of the cioud, condenſing the va- 
pours next it, which form ſmaller clouds that join it, in- 
creaſe its bulk, it deſcends with the wind and its acquired 
weight, draws nearer the earth, grows denſer with conti- 
nual additions of water, and diſcharges heavy ſhowers. 
Small black clouds thus appraring in a clear ſky, in hot 
climates ere and warn ſeamen to hand their 
- fails. a 


The a0 its bs in about yrs, che. 


1equatorial parts muſt move about fifteen miles in each mi- 
nute; in Northern and Southern latitudes this motion is 
gradually leſs to the Poles, and there nothing. 
Fs | ” 4 a N : 0 - If 
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If there was a general calm over the face of the globe, it 
muſt be by the air's maving: in every part as faſt as the 
earth or ſea it covers. 

He that ſails, or rides, has infenſibly the fame res of 
motion as the ſhip or coach with which he is connected, 
If the ſhip ſtrikes the ſhore, or the coach ſtops ſuddenly, 
the motion continuing in the man, he is thrown forward. 
If a man were to jump from the land into a ſwift failing. 
| ſhip, he would be thrown backward (or towards the ſtern) 
not having at firſt the motion of the ſhip. _ 

He that travels, by ſea or land, towards the equinoctial, 


gradually acquires motion; from it, loſes. 


But if a man were taken up from latitude 40 (where 
ſuppoſe. the earth's ſurface to move twelve miles per mi- 
nute) and immediately ſet down at the equinoctial, without 
changing the motion he had, his heels would be ſtruck up, 
he would fall weſtward. If taken up from the equinocti- 
al, and ſet down in latitude 40, he would fall eaſtward. | 

The air under the equator, and between the tropics, be- 
ing conſtantly heated and rarified by the ſun, riſes. Its 
place is ſupplied by air from Northern and Southern lati- 
tudes, which coming from parts where the earth and air 
had leſs motion, and not ſuddenly acquiring the quicker 
motion of the equatorial earth, appears an Eaſt wind blow- 
ing Weſtward ; the earth moving APO Welt to Eaſt, and 5 
flipping under the air. 

Thus, when we ride in a calm, it ends a BY againſt 
us: If we ride with the wind, and faſter, even that will 


{gem a ſmall wind againſt us. ; 
| . The 
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The air rarified. between the Tropics, and riſing, muſt 
flow 4 in the higher region North and South. Before it roſe, $3 
it had acquired the greateſt motion the earth's rotation 
could give it. It retains ſome degree of this motion, and x 

_ deſcending” in higher latitudes, where the earth's motion is 4 
leſs, will appear a Weſterly wind, yet tending towards the | 
equatorial parts, to ſupply the vacancy occaſioned by the 

air of the lower regions flowing thitherwards, 

Hence our general cold winds are about North- Wer, 

our ſummer cold guſts the ſame. -- © L 

The air in ſultry weather, Aue not cloudy, has a kind 
of hazineſs in it, which makes objects at a diſtance appear = 
dull and i ndiſtinct. This hazineſs is occaſioned by the J 
great quantity of moiſture equally diffuſed in that air. | | 
When, by the cold wind blowing down among it, it is oon- 
denſed into clouds, and falls in rain, the air becomes purer : 3 
and' clearer. Hence, after guſts, diltant objects appear diſ- | 
tinct, their figures ſharply terminated. er F 

Extream cold winds congeal the ſurface of the earth ; n 
by carrying off its fre. Warm winds afterwards blowids 
over that frozen ſurface, will be chilled by it. Could that 
frozen ſurface be turned under, and a warmer turned up 

* from beneath! it, thoſe warm winds would not be chilled 
ſo much. ; 

The ſurface of the bir is alſo ſometimes much heated 

by the ſun; and ſuch heated ſurface not being changed, S | 

heats the air that moves over it. | _ 

Seas, lakes, and great bodies of water, agitated by the * 

- winds, continually change ſurfaces ; the cold ſurface in 
| Win- 
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winter is turned under, by the rolling of the waves, and a 


warmer turned up; in ſummer, the warm is turned under, 
and colder turned up. Hence the more equal temper of 


ſea- water, and the air over it. Hence, in winter, winds from 
the ſea ſeem warm, winds from the land cold. In ſummer 
the contrary. 

Therefore the lakes North-Weſt of us“, as dis are not 
ſo much frozen, nor ſo apt to freeze as the earth, rather 
moderate than increaſe the coldneſs of our winter winds. 

The air over the fea being warmer, and therefore light- 
er in winter than the air over the frozen land, may be ano- 


ther cauſe of our general N. W. winds, which blow off to 


ſea at right angles from our North-American coaſt. The 
warm light fea air riſing, the heavy cold land air PEG 


Into its place. 


Heavy fluids Aae Sends form DOES 


 whirlpools, as is ſeen ina funnel, where the water acquires 


a circular motion, receding every way from a center, and 
leaving a vacancy in the middle, greateſt above, and leſ- 


ſening downwards, like - a TRE n its my end 


upwards. . 
Air deſcending, or a may u the ſame kind of 


eddies, or whirlings, the parts of air acquiring a circular 
motion, and receding from the middle of the circle by a 


centrifugal force, and leaving there a vacancy ; if deſcend- 
ing, greateſt above, and leffening downwards; if aſcending, 


greateſt below, and leflening upwards; ice a Kms vo trum- 


pet i its big end on the ground, 


* In Penſylvania. | 
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When the air deſcends with violence in ſome places, it 
may riſe with equal violence in others, and form both kinds 
of whiclwinds, 

The air in its whirling motion weeding every way from 
the center or axis of the trumpet, leaves there a vacuum ; 
which cannot be filled through the ſides, the whirling air, 
as an arch, preventing; it muſt then Preſs in at the _ 
ends. 

The greateſt preſſure inwards 0 be at the lower end, 
the greateſt weight of the ſurrounding atmoſphere being 
there. The air entering, riſes within, and carries up duſt, 
leaves, and even heavier bodies that happen in its way; 90 
the eddy, or whirl, paſſes over land. 

If it paſſes over water, the weight of the ſarecunding 8 at- 
moſphere forces up the water into the vacuity, part of 
which, by degrees, joins with the whirling air, and adding 
weight, and receiving accelerated motion, recedes till far- - 
ther from the center or axis of the trump, as the preſſure leſ- 
ſens ; and at laſt, as the trump widens, is broken into ſmall 
particles, and ſo united with air as to be ſupported by it, 
and become black clouds at the top of the trump. 

Thus theſe eddies may be whirlwinds at land, water- 
ſpouts at ſea. A body of water ſo raiſed may be ſuddenly 
let fall, when the motion, &c. has not ſtrength to ſupport 
it, or the whirling arch is broken ſo as to let in the air; 
falling in the ſea, it is harmleſs, unleſs ſhips happen under 

it. But if in the progreſſive motion of the whirl, it has 

moved from the ſea, over the land, and there breaks, ſud- 

den, an and miſchievous torrents are the conſequences. 
| LE T- 
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L E T * E R XVI. 
From Dr of Boſton, 


Bznj. FRANKLIN, EV; of Philadelphia. 


S TR, Fp a. 3. 1752. 

HIS comes to you on account of Dr Douglaſs : : 

He deſired me to write to you for what you know 

of the number that died of the inoculation in Philadelphia, 

telling me he defigned to write ſomething on the ſmall- 
pox ſhortly. We ſhall both be obliged to you for a word 


- on this affair, 


The chief 3 of our viſitation, you have in the 
public prints- But the leſs degree of mortality than uſual 
in the common way of infection, ſeems chiefly owing to 
the purging method deſigned to prevent the ſecondary fe- 
ver; a method firſt began and carried on in this town, and 


with ſucceſs beyond expectation. Weloſt one in 1x5, but 


had we been experienced in this way, at the firſt coming of 
the diſtemper, probably the proportion had been but one 
. . 1 
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in 13 or 14. In the year 1730 we loſt one in nine, which 
is more favourable than ever before with us. The diſtem- 
per pretty much the ſame then as now, but ſome circum- 
ſtances not ſo kind this time. 

If there be any particulars, which you want to know, 
pleaſe to ſignify what they are, and I ſhall ſend them. | 

The number of our inhabitants decreaſes . On a ſtrict 
inquiry, the overſeers of the poor find but 14, 190 Whites, 
and 1, 544 Blacks, including thoſe abſent, on account of the 
ſmall- pox, many of whom, it is probable, will never return. 

I paſs this opportunity without any particulars of my 
old theme. One thing, however, I muſt mention, which 
is, that perhaps my laſt letters contained ſomething that 
ſeemed to militate with your doctrine of the Origin, &c. 
But my deſign was only to relate the phænomena as they 
appeared to me. I have received ſo much light and plea- 
ſure from your writings, as to prejudice me in favour of 
every thing from your hand, and leave me only liberty to 
obſerve, and a power of diſſenting when ſome great proba- 
bility might oblige me: And if at any time chat be the 
. you will certain] y hear of it. 


wm Tam, Sir, Ke. 
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Biſon is is an \olds Wan dy Was W the ſeat of all bo trade of the 
country, that was carried on by ſea, New towns, and ports, have, of late,. 
divided the trade with! it, and diminiſhed its inhabitants, though the inhabi- 
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FROM 


Ben. FranxLIN, Ee of 28 


To Doctor cif Bofton, 


$23 5 Philadephia, Aug. I 3. 1752. 


Received your favour of the 3d inſtant. Some time 
| laſt winter I procured from one of our phyſicians an 
account of the number of perſons inoculated during 
the five viſitations of the ſmall-pox we have had in 22 


years; which account I ſent to Mr ., of your 


town, and have no copy. If I remember right, the num- 


ber exceeded 800, and the deaths were but 4. I ſuppoſe 


Mr Y—— will ſhew you the account, if he ever received 
it, Thoſe four were all that our doctors allow to have 


died of the ſmall-pox by inoculation, though I think there 

were two more of the inoculated who died of the diſtem- 

pet; but the eruptions appearing ſoon after the operation, it 
is ſuppoſed they had taken the infeQion before, in the c com- 
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l ſhall be glad to ſee what Dr Douglaſs may write on 
the ſubje.. I have a French piece printed at Paris 1924, 


- 
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entitled, Obſervations ſur la Saignte du Pied, et fur la 
Pergation au commencement de la Petite Verole, & Raiſons 
de doubte contre / Hoculation.— A letter of the doctor's is 
mentioned in it. If he or you have it not, and deſire to 
ſee it, I'll ſend it.—Pleaſe to favour me with the particulars 
of your purging method, to prevent the ſecondary fever. 

I am indebted for your preceding letter, but buſineſs. 
ſometimes obliges one to poſtpone philoſophical amuſe- 


ments. Whatever I have wrote of that kind, are really, as 
they are entitled, but. Conjetures and Stppofitrons 5. which 


ought always to give place, when careful obſervation mili- 


| kates againſt them. I own I have too ſtrong 4 penchant 


to the building of hypotheſes ; they indulge my natural 
indolebce: I with I had mote of your patience and accu- 


racy in making obſervations, on which, alone, true Philſo- 
phy cha be founded. And, I affure you, nothing can be 


be more ubliging to me, than your kind communication of 
thoſe; you make, however they _ diſagree with my 


— notions. 
- am ſorry to hear that the number of your inhabitants 


| deortntes. 1 ſome time fince, wrote a ſmall paper of 
Tung bits un the peupling of Countries, which, if I can find, 


I wilt fend you,” to obtain your ſentiments. The fa- 


| vourable opinion you expreſs of my writings, may, you ſee, 
eccaſion ons more trouble than you expected from, Sir, 


Nurs, Sc. „ 
Oh. 
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OBsERvaTIONS concerning the Increaſe of Man- 


kind, peopling of Countries, Kc. Written in 
eee 1751. | 


AABLES of the propeietii of .marriages to i bietha, | 

of deaths to births, of marriages to the numbers 

of inhabitants, &c. formed on obſervations made upon the 
bills of mortality, chriſtenings, &c. of populous cities, will 
not ſuit countries; nor will tables formed on obſervations 
made on full ſettled old countries, as _— ſuit new coun- 


tries, as America. 


2. For people increaſe in proportion to the number of 
marriages, and that is greater in proportion to the eaſe and 
convenience of ſupporting a family. When families can 
be eaſily ſupported, more perſons marry, and earlier in life, 

3. In cities, where all trades, occupations, and offices are 


full, many delay marrying, till they can ſee how to bear 


the charges of a family; which charges are greater in ci- 


ties, as luxury is more common; many live ſingle during 


life, and continue ſervants to families, journeymen to trades, 
Sc. Hence cities do not, by natural generation, ſupply 
themſelves with inhabitants ; ; the deaths are more than the 
births. | 

4. In countries full ſettled, the caſe muſt be 3 the 
ſame; all lands being occupied and improved to the 


. heighth; thoſe who cannot get land, muſt labour for o- 


thers that have it; when labourers are plenty, their wages 
D d 2 | will 
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will be low; by low wages a family is ſupported with dif- 
ficulty; this difficulty deters many from marriage, who, 
therefore, long continue ſervants, and ſingle.— Only as the 
cities take ſupplies of people from the country, and there- 
by make a little more room in the country, marriage is a 
little more encouraged. there, and the births exceed the 
deaths. 

5. Great part of Europe i is fall ſettled with W 
manufacturers, &c. and therefore cannot now much en- 
creaſe in people. America is chiefly occupied by Indians, 
who ſubſiſt moſtly by hunting—But as the hunter, of all 
men, requires the greateſt quantity of land from whence to 
draw his ſubſiſtence, (the huſbandman ſubſiſting on much 
leſs, the gardener on ſtill leſs, and the manufacturer requis- 

ing leaſt of all) the Europeans found America as fully ſett - 
Jed as it well could be by hunters ; yet theſe having large 
tracts, were eaſily prevailed on to part with portions. of 
territory to the new comers, who did not much interfere 
with the natives in hunting, and furniſhed them with ma- 
ny things they wanted. 
6. Land being thus plenty in r and 0 cheap as 
that a labouring man that underſtands huſbandry, can, in 
a ſhort time, ſave money enough to purchaſe a piece of 

new land, ſufficient for a plantation, whereon he may ſub- 
ſiſt a family; fuch are not afraid to marry:; for if they e- 
ven look far enough forward to conſider how their chil- 
_ when _ . are to be eee for, they ſee that 
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more land is to be had at rates * _— all circumſtan- 


ces conſidered, . 
7, Hence marriages in America are more general, and 


more generally early than in Europe. And if it is reckon- 


ed there, that there is but one marriage per Annum among 


Too perſons, perhaps we may here reckon two; and if in 
. Europe they have but four births to a marriage, (many of 


their marriages being late) we may here reckon eight ; of 
which, if one half grow up, and our marriages are made, 
reckoning one with another, at twenty: years of age, our 


people muſt at leaſt be doubled every twenty years. 


8. But notwithſtanding this increaſe, ſo vaſt is the terri- 


tory of North- America,” that it will require many ages to 
ſettle it fully ; and till it is fully ſettled, labour will never 
be cheap here, where no man continues long a labourer 


for others, but gets a plantation of his own; no man con- 


tinues long a journeyman to a trade, but goes among thoſe 


new ſettlers, and ſets up for himſelf, Sc. Hence labour 


is no cheaper now, in Pen/hvanyza, than it was thirty years 


ago, though ſo many thouſand labouring people have been 


imported from Germany and Ireland. 
9. The danger, therefore, of theſe colonies interfere= 


ing with their mother country in trades that depend on 


labour, manufactures, Ge. is too remote to require che at- 
tention of Great. Britain. | ; 
10. But in proportion to the increaſe of the colonies; 
a vaſt demand is growing for Brit1fh manufactures ;. a 


glorious market, wholly in the power of Britain, in which 
foreigners. 
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foreigners cannot interfere, which will increaſe, in a ſhort 


time, even beyond her power of ſupplying, though” her 
whole trade ſhould be to her colonies, * * *, | 

12. Tis an ill-grounded opinion, that by the labour of 
ſlaves, America may poſſibly vie in cheapneſs of manu- 
factures with Britain. The labour of ſlaves can never 
be ſo cheap here, as the labour of working men is in Bri- 


Zain. Any one may compute it. Intereſt of money is 


in the colonies from 6 to 10 per Cent, Slaves, one with 
another, coſt 30l. ſterling per head. Reckon then the 


Intereſt of the firſt purchaſe of a ſlave, the inſurance or 


riſque on his life, his cloathing and diet, expences in his 
ſickneſs, and loſs of time, loſs by his negle& of buſineſs, 
(neglect is natural to the man who is not to be benefited 


by his own care or diligence) expence of a driver to keep 
him at work, and his pilfering from time to time, almoſt 


every ſlave being, from the nature of ſlavery, a thief ; 


and compare the whole amount with the wages of a ma- 


nufacturer of iron or wool in England, you will ſee that 


labour is much cheaper there, than it ever can be by ne- 


groes here. Why then will Americans purchaſe ſlaves? 


Becauſe ſlaves may be kept as long as a man pleaſes, or 


has occaſion | for their labour; while hired men are conti- 


nually leaking their maſter (often in the midſt of his bu- 

ſineſs) and ſetting up for themſelves. F 8, | 
13. As the increaſe of people depends on the encou- 
ragement of marriages, the following 'things muſt dimi- 
niſh a nation, vig. 1. The being conquered ;. for the con- 
querors 
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querors will engroſs as many offices, and exact as much 
tribute or profit on the labour of the, conquered, as will 
maintain them in their new eſtabliſhment ; and this di- 
miniſhing the ſubſiſtence of the natives, diſcourages their 


marriages, and ſo gradually diminiſhes them, while the 


foreigners increaſe, 2. Loſs of territory. Thus the Bri- 
tons being driven into Wales, and crouded together in a 
barren country, inſufficient to ſupport ſuch great numbers, 
diminiſhed, till the people bore a proportion to the pro- 
duce, while the Saxons increaſed on their abandoned lands, 
*till the iſland became full of Ergifh. And, were the 

Engliſh now driven into Wales by ſome foreign nation, 
there would, in a few years, be no more Engliſhmen in 
Britain, than there are now people in Wales. 3. Loſs 
of trade. Manufactures exported, draw ſubſiſtence from 
foreign countries for numbers; who are thereby enabled 


to marry and raiſe families. If the nation be deprived of 


any branch of trade, and no new employment is found 
for the people occupied in that branch, it will ſoon be de- 
prived of ſo many people, 4. Loſs of food. Suppoſe a 


nation has a fiſhery, which not only employs great numbers, 
but makes the food and ſubſiſtence of the people cheaper: 


it another nation becomes maſter of the ſeas, and prevents 
the fiſhery, the people will diminiſh in proportion as the 
loſs of employ, and dearneſs of proviſion makes it more 
difficult to ſubſiſt a family, 5. Bad government and in- 
ſecure property. People not only leave ſuch a country, 


and ſettling abroad incorporate with. other nations, loſe 
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their native language, and become foreigners; but the in- ö 


duſtry of thoſe that remain being diſcouraged, the quan- 
tity of ſubſiſtence in the country is leſſened, and the ſup- 


port of a family becomes more difficult. So heavy taxes 


tend to diminiſh a people. 6. The introduction of ſlaves. 


The negroes brought into the Eugliſb ſugar iſlands, have 
greatly diminiſhed the Whites there; the poor are by this 


means deprived of employment, while a few families ac- 
quire vaſt eſtates, which they ſpend on foreign luxuries, 


and =p Pg their children in the habit of thoſe luxu- 

; the ſame income is needed for the ſupport of one, 
_ might have maintained one hundred. The whites, 
who have flaves not labouring, are enfeebled, and. there- 


fore not ſo generally prolific ; the ſlaves. being worked too 


hard, and ill fed, their conſtitutions are broken, and the 
deaths among them are more than the births; ſo that a 
continual” ſupply is needed from Africa, The northern 


colonies having few flaves, increaſe in whites, Slaves 
alſo pejorate the families that uſe them; the white chil- 


dren become proud, diſguſted with labour, and being e- 
ducated in Se are rendered unfit to get a 1 by 


induſtry. 


14. Hence the prince ien een new qeriftory; if he 
finds it vacant, or removes the natives to give his own 


people room ; the legiſlator that makes effectual laws for 


promoting of trade, increaſing employment, improving 
land by more or better tillage, providing more food by 


fiſheries, ſecuring property, &c. and the man that invents 
. mew 


ee 
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new trades, arts, or manufactures, or new improvements 
in huſbandry, may be properly called Fathers of their na- 
tion, as they are the cauſe of the generation of multi- 
tudes, by the encouragement they afford to marriage. 

15. As to privileges granted to the married, (fuch as. 
the jus trium liberorum among the Romans) they may 
haſten the filling of a country that has been thinned by 
war or peſtilence, or that has otherwiſe vacant territory, 
but cannot increaſe a people beyond the means provided 


for their ſubſiſtence. 


16. Foreign luxuries, and needleſs manufactures, im- 
ported and uſed in a nation, do, by the ſame reaſoning, 


increaſe the people of the nation that furniſhes them, and 


diminiſh the people of the nation that uſes them.— Laws, 


therefore, that prevent ſuch importations, and, on the 


contrary, promote the exportation of manufactures to be 


conſumed in foreign countries, may be called (with re- 


ſpect to the people that make them) generative laus, as 
by increaſing ſubſiſtence they encourage marriage. Such 
laws likewiſe ſtrengthen a country doubly, by increaſing 
its own people, and diminiſhing its neighbours. 
17. Some European nations prudently refuſe to con- 
ſame the manufactures of | Eaft-India hey mould 


| likewiſe forbid them to their colonies; for the gain to the 


metchant is not to be compared with the loſs, by this 
means, of people to the nation 7 


18. Home luxury in the great, increat the nation” W 


8 employed by it, who are many, and only 


E We * 
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tends to diminiſh the families that indulge in it, who are 
few. The greater the common faſhionable expence of 
any rank of people, the more cautious they are of mar- 


riage. Therefore 33 ſhould never be ſuffered to be- 


come com mon.. 


19. The great increaſe of offspring in 92x Vs fami- 
| Hes, is not always owing to greater fecundity of nature, 
but ſometimes to examples of induſtry in the heads, and 
induftrious education; by which the children are enabled 


to provide better for themſelves, and their marrying carly 
is encouraged from the proſpect of good ſubſiſtence. 

20. If there be a ſect, therefore, in our nation, that re- 
gard frugality and induſtry as religious duties, and educate 
their children therein, more than others commonly do; 
ſuch ſect muſt conſequently increaſe more by natural * 
neration, than any other ſect in Britain. 

21. The importation of forcigners into a country chat 
bas as many inhabitants as the preſent employments and 


Proviſions for ſubſiſtence will bear, will be in the end no 
Increaſe of people, unleſs the new-comers have more in- 


| difery and-frugality than the natives, and then they will 
provide more ſubſiſtence, and increaſe in the country; 


but they will gradually cat the natives out.—-Nor is it ne- 


ceſſary to bring in foreigners to fill up any occaſional va- 
cancy in a country; for ſuch vacancy (if the laws are good, 


& 14, 16) will ſoon be filled by natural generation. Who 
can now find the vacancy made in Sweden, France, or o- 
* warlike nations, by Be Plague of heroiſm 40 years: 


ago; 


C 
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ago; in France, by the expulſion of the Proteſtants; in 
England, by the ſettlement of her colonies ; or in Guinea, 
by a hundred years exportation of ſlaves, that has blackened 

half America ?—The thinneſs of the inhabitants in Spain, 
is owing to national pride, and idleneſs, and other cauſes, 
rather than to the expulſion of the Moors, or to the mak- 


ing of new ſettlements. 
22, There is, in ſhort, no bound to the e melir nature 


of plants or animals, but what is made by their crowd- 
ing and interfering with each other's means of ſubſiſtence. 
Was the face of the earth vacant of other plants, it might 
be gradually ſowed and overſpread with one kind only; 
as for inſtance, with Fennel; and were it empty of other 


inhabitants, it might, in a few ages, be repleniſhed from 


one nation only, as for inſtance, with Eng/i/hmen. Thus 
there are ſuppoſed to be now upwards of one million Eu- 
gliſb ſouls in North-America, (though it is thought ſcarce 
80,000 have been brought over ſea) and yet perhaps there 


is not one the fewer in Britain, but rather many more, 
on account of the employment the colonies afford to ma- 
nufacturers at home. This million doubling, ſuppoſe but 
once in 25 years, will, in another century, be more than 


the people of England, and the greateſt number of En- 


gliſhmen will be on this ſide the water. What an acceſ- 


ſion of power to the Britiſh empire by ſea as well as land! 
What increaſe of trade and navigation! What numbers of 


_ ſhips and ſeamen! We have been here but little more than 


a hundred . and yet the force of our privateers in the 
E e 2 late 
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late war, united, was greater, both in men and guns, 
than that of the whole Britiſh navy in Queen Elizabeth's 

time.——How important an affair, then, to Britain, is 
the preſent treaty * for ſettling the bounds between her 
colonies, and the French ! and how careful ſhould ſhe be 
to ſecure room enough, ſince on the room depends ſo 
much the increaſe of her people? 

23. In fine, a nation well regulated i is like a polypus +; ; 
take away a limb, its place is ſoon ſupplied ; cut it in 


two, and each deficient part ſhall ſpeedily grow out of 


the part remaining. Thus if you have room and ſubſiſt- 
ence enough, as you may, by dividing, make ten poly- 
puſes out of one, you may, of one, make ten nations, 
equally populous and powerful ; or, rather, increaſe a na- 
| tion ten fold in numbers and ſtrength, * * # * * 


* 


2 1757. 5 + A water-inſe&, well known to Naturaliſts, 
I | > 


"LET 


8 


r 


„ Aan PEEInt 20 MOI 9 . e e eee OI FOR a 8 p 8 9 „ * _ 2 n a 
ood eras ee 4s 2 ES FETT . n CCC Lune e 
ee eee e , , . tre PTA 


4 


286 
g 5 
7 
3 
PE, 
1 
28 

{A 


* 92 
8 r 
£ e 

2351 8 8 


on Philoſophical Subjects. 207 


LETTER Nv 
X | From Doctor ——, of Boſton, 


TO 


BEN JAMIN COSMOS Eſq; at Philadelphia 


0 IR, ; 1 Boſton, a « 1752, 


| 1 
Rok Find, by a word or two in your laſt, 
al _— | that you are willing to be found fault 


with ; which authoriſes me to let you 
know what I am at a loſs about in your papers, which is 
only in the article of the 'water-ſpont. I am in doubt, 
- whether water in bulk, or even broken into drops, ever 
aſcends into the region of the clouds, per vorticem, (i. e.) 
whether there be, in reality, what I call a direct water- 
ſpout. I make no doubt of direct and inverted whirl- 
winds; your deſeription of them, and the reaſon of the 
thing, are ſufficient, I am ſenſible, too, that they are 
very ſtrong, and often move conſiderable weights. But I 
have not met with any hiſtorical accounts that ſeem ex- 
act enough to remove 84 ſcruples concerning the aſcent 
above ſaid. 
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Deſcending ſpouts (as I take them to be) are many 


times ſeen, as I take it, in the calms, between the ſea 
and land trade-winds, on the coaſt of Africa. Theſe 


contrary winds, or diverging, I can conceive may occaſion 
them, as it were by ſuction, m making a breach in a large 
cloud. But I imagine they have, at the ſame time, a 


tendency to hinder any direct or riſing ſpout, by carry- - 
Ing off the lower part of the atmoſphere, as faſt as it be- 


gins to rarefy ; and yet ſpouts are frequent here, which 
ſtrengthens my opinion, that all of them deſcend. 

But however this be, I cannot conceive a force produ- 
cible by the rarificatien and condenſation of our atmo- 
ſphere, in the circumſtances of our globe, capable of car- 
Tying water, in large portions, into the region of the 
clouds. Suppoſing it to be raiſed, it would be too heavy 
to continue the aſcent beyond a conſiderable height, un- 


leſs parted into ſmall drops 3 and, eyen then, by its cen- 
trifugal force, from the manner of. conveyanee, it would 


be flung out of the circle, and fall ſcattered, like rain. 
But I need not expatiate on theſe: matters to you. I 


* mentioned my objections, and, as truth is my pur- 


ſuit,” Mall be glad to be informed. I have ſeen few ac- 
counts of theſe whirl, or eddy winds, and as little of the 
ſpouts; and theſe, eſpecially, lame and poor things to ob- 


tain any certainty by. If you know any thing determi- 


nate that has been obſerved, I ſhall hope to hear from 


I have 
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I have nothing to object to any other part of your ſup- 


5 5 ; and as to that of the trade-winds, I believe no- 


body can. 
I am, Ge. 


P..* The f gures in the Philoſophical T; ranſactions 


ſnew, by ſeveral circumſtances, that they all deſcended, 
though the relators ſeemed to think they took up water. 5 


BæxIAuIN FRANE LIN, f; of een 


STR, Vu, Other 23, 1782. 


ESE 0 N the incloſed you have all 1 have * 
bly, e ſay of that matter *. It proved long 


than J expected, ſo that I was baked 
to add a cover to it. I confeſs it looks like a diſpute ; but 


that is quite contrary to my intentions. The fincerity of 
friendſhip and eſteem were my motives; nor do I doubt 


* Water-ſpouts, 
5 Jour 
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your ſerupling the goodneſs of the intention. However, 
I muſt confeſs I cannot tell exactly how far I was acted 


by hopes of better information, in diſcovering the whole 


foundation of my opinion, which, indeed, is but an opi- 


nion, as I am very much at a loſs about the validity of 


the reaſons. I have not been able to differ from you in 
_ ſentiment concerning any thing elſe in your Suppy/itions. 
In the preſent caſe I lie open to conviction, and ſhall be 


the gainer when informed. If I am right, you will know 


that, without my adding any more. Too much faid on 


a merely ſpeculative matter, is but a robbery committed 


on practical knowledge. Perhaps I am too much pleaſed 


with theſe dry notions: However, by this you will ſee 


that I think it unreaſonable to give you more trouble a- 
bout them, than your leifure and inclination may prompt 


you to. 
- 3 am, &c. 


Smck = my 7 laſt I ited that, as I had begun with 
the reaſons of my diſſatisfaction about the aſcent of 
water in fpouts, you would not be unwilling to hear the 
whole I have to 47. and then you will 2 1 what I [OR 
upon. 

What aceationed my thinking al ports deſcend, 
that I found ſome did certainly do ſo. A difficulty "as 
peared concerning the aſcent of fo heavy a body as water, 
by : Any” force 1 was appriſed of, as probably ſufficient. 
And, 
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And, above all, a view of Mr Stuart's portraits of ſpouts, 
in the Philoſophical Tranſactions. 

Some obſervations on theſe MT will include the chief 
part of my difficulties. | 5 

Mr Stuart has given us the figures of a number ob- 
ſerved by him in the Mediterranean: All with ſome par- 
ticulars which make for my opinion, if well drawn. 

The great ſpattering which relators mention in the wa- 
ter where the ſpout deſcends, and which appears in all 
his draughts, I conceive to be occaſioned by drops de- 
ſcending very thick and large into the place. 

On the place of this ſpattering ariſes the appearance of 
a buſh, into the center of which the ſpout comes down. 
This buſh I take to be formed by a ſpray, made by the 


force of theſe drops, which being uncommonly large, 
and deſcending with unuſual force, by a ſtream of wind 


deſcending from the cloud with them, increaſes the height 


of the ſpray ; which wind being repulſed by the ſurface 


—— 


of the waters, rebounds and ſpreads ; by the firſt raifing 
the ſpray higher than otherwiſe it would go ; and by the 


laſt making the top of the buſh appear to bend outwards 


(7. e.) the cloud of ſpray is forc'd off from the trunk of ths 
ſpout, and falls back ward. 
The buſh does the ſame, where 3 is no N | 


of a ſpout reaching it; and is depreſſed in the middle, 


where the ſpout is expected. This, I i imagine, to be 


EY numerous drops of the ſpout falling i into it, together F 


Ff . with 
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ll 1 with the wind I mentioned, by their deſcent, which beat 


back the riſing ſpray in the center. 

This circumſtance, of the buſh bending outwards at: 
the top, ſeems not to agree with what J call a direct 
whirlwind, but conſiſtent with the revers'd ; for a direct 
one would ſweep the buth inwards ; if, in that caſe, any 

thing of a buſh would appear. 

The pillar of water,. as they «call it, from its likeneſs, 
I fuppoſe to be only the end of the ſpout immers'd in the 
buſb, a little blacken d by the additional cloud, and, per- 

haps, appears to the eye beyond its real bigneſs, by a 
refraction in the buſh, and which refraction may be the 
cauſe of the appearance of ſeparation, betwixt the part 
in the buſh, and that above it. The part in the buſh is 
cylindrical, as it is above (7. e.) the bigneſs the ſame from 
the top of the buſh to the water, Inftead of this ſhape,. 
in cafe of a whirlwind, it muſt have been pyramidical, 

Another thing remarkable, is, the curve in ſome of 
them: This is eaſy to conceive, in caſe of deſcending 
parcels of drops through various winds, at leaſt till the 
cloud condenſes ſo faſt as to come down, as it were, uno 
rive. But it is harder to me to conceiye it in the aſcent... 
of water, that it ſhould be conveyed along, ſecure of not 

leaking, or often dropping through the under ſide, in the 
prone part: And, ſhould the water be conveyed ſo ſwiſt- 
ly, and with ſuch force, up into the cloud, as to pre- 


i in 


vent this it would, by a natural diſpofition to move on 
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in a preſent direction, preſently ſtraiten the curve, raifing 
the ſhoulder very ſwiftly, till loſt in the cloud. 


Over every one of Stuart's figures, I ſee a cloud: I ſup- 
poſe his clouds were firſt, and then the ſpout ; I do not 


- know whether it be ſo with all ſpouts, but ſuppoſe it is. 


Now, if whirlwinds carried up the water, I ſhouid ex- 
pet them in fair weather, but not under a cloud; as is 


_ obſervable of whirlwinds; they come in fair weather, 


not under the ſhade of a cloud, nor in the night; ſince 
ſhade cools the air : But, on the contrary, violent winds 
often deſcend from the clouds ; ſtrong guſts which occupy 
ſmall ſpaces ; and from the higher regions, extenſive hur- 


ricanes, Cc. 


Another thing is, the appearance of the —.— com- 
ing from the cloud. This I cannot account for on the 


notion of a direct ſpout, but, in the real deſcending one, 
it is eaſy. I take it, that the cloud begins firſt of all to 


pour out drops at that particular ſpot, or foramen ; and, 
when that current of drops increaſes, ſo as to force down 


wind and vapour, the ſpout becomes, ſo far as that goes, 
- opaque. I take it, that no clouds drop ſpouts, but fuch 


as make very faſt, and happen to condenſe in a particular 


ſpot, which, perhaps, is coldeſt, and gives a determina- 


tion downwards, ſo as to make a paſſage 1 NY the 


ſubjacent atmoſphere. 


If ſpouts aſcend, it is to carry up che warm rarified air 
below, to let down all and any that is colder above; 
and, if @, they muſt carry it through the cloud they go 

Ef» | inta, 


A 
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into, (for that is cold and denſe, I imagine) perhaps far 
into the higher region, making a wonderful appearance at : b 
a convenient diſtance to obſerve it, by the ſwift riſe of a 9 
body of vapour, above the region of the clouds. But, as Y 
this has never been obſerved in "or age, If it be ſuppoſe- 5 | 

able that is all. | 

I cannot. lears; by mariners, that any wind blows to- 
wards a ſpout more. than any other way ; but it blows to- 
wards a whirlwind, for a large diſtance round. 

I ſuppoſe there has been no. inſtance of the water of a 
ſpout being ſalt, when coming a-croſs any veſſel at ſea. 
1 ſuppoſe, too, that there have been no falt rains; 155 | 
would make the caſe clear.. 

I ſuppoſe it is from ſome unhappy effects of theſe * 
ud | gerous creatures of nature, that ſailors have an univerſal. 
Fj dread on them of breaking i in their 9 ſhould r | 
come acroſs them. 

I imagine ſpouts, in cold. ſeaſons, as our de s in the 

Downs, prove the deſcent. 

Query. Whether there is not always more or leſs cloud; 
A firſt, where a ſpout appears? 

a Whether they are not, generally, on the borders of 
trade-winds; and. whether this is for, or againſt me? 
Whether there be any credible account of a whirlwind's 
carrying up all the water in a pool, or ſmall pond: As 

when ſhoal, and the banks low, a ſtrong guſt might be. 

1: ng to blow it all out ?. 
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on Philoſophical Subjects. 2215 
Whether a violent tornado, of a ſmall extent, and o- 
ther ſudden and ſtrong guſts, be not winds from above, 
deſcending nearly perpendicular; and, whether many that 
are called whirlwinds at ſea, are any other than theſe; 
and ſo. might be called air-ſpouts, if gs were objects of 


ſight? 


J overlooked, in its proper place, Stuart's No. 145 
which is curious for its inequalities, and, in particular, 
the approach to breaking, which, if it would not be too 


| tedious, I would have obſerv'd a little upon, in my own 


way, as, I think, this would argue againſt the aſcent, &c. 
but I muſt paſs it, not only for the reaſon mentioned, but 


want of room beſides. 
As to Mr Stuart's ocular demonſtration of the aſcent 


in his. great perpendicular ſpout, the only one it appears 


in, I fay, as to this, what I have written ſuppoſes him 


miſtaken, which, yet, I am far from aſſerting. 

The force of an airy vortex, having leſs influence on 
the ſolid drops of water, than on the interſperſed cloudy 
vapours, makes the laſt whirl round ſwifter, though it de- 
ſcend ſlower :. And. this might eaſily deceive, without 
great care, the moſt un n perſon. : 
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SETTER xx: Þ 


BexJ. FRANKLIN, Eſq; of Philadelphia. 


— 
* 


To Doctor * * of Boon. 4 


—— 
= 


STR, Philadelphia, Feb. 4, 1753. 
Ought to have written to you, long 
ſince, in anſwer to yours of October 
156, concerning the water-ſpout ; but 
| buſineſ phrtly, and partly a deſire of procuring further in- 
formation, by enquiry among my ſea-faring acquaintance, — 
induced me to poſtpone writing, from time to time, till 5 
: I am now almoſt aſhamed to reſume the ſubje&, not 
knowing but you may have _ what has been ſaid 
upon it. 
Nothing, certainly, can hs more improving to a ſearch- 
er into nature, than objections judiciouſly made to his o- 
pinion, taken up, perhaps, too haſtily: For ſuch objec- | 
tions oblige him to re-ftudy the point, conſider every cir- 7 
cumſtance carefully, compare facts, make experiments, 3 
weigh arguments, and be flow in drawing concluſions. 
| | And 
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And hence a ſure advantage reſults; for he either con- 


firms a truth, before too ſlightly ſupported ; or diſcovers 
an error, and receives inſtruction from the objector. 
In this view I confider the objections and remarks you 


fent me, and thank you for them fincerely : But, how 


much ſoever my inclinations lead me to Philoſophical in- 
quiries, I am ſo engaged in buſineſs, public and private, 
that thoſe more pleaſing purſuits are frequently interrupt- 
ed, and the chain of thought, neceſſary to be cloſely con- 
tinued in ſuch diſquiſitions, ſo broken and disjointed, that 


it is with difficulty J ſatisfy myſelf in any of them: And 


I am now. not much nearer a concluſion, in this matter of 


the ſpout, than when I firſt read your letter. 
Yet, hoping we may, in time, fift out the truth be- 


tween us, I will ſend you my preſent thoughts, with ſome 


obſervations on your reaſons, on the accounts in the 
Tranſactions, and on other relations J have met with. Per- 


haps, while I am writing, ſome new light may ſtrike me, 


for I ſhall now be obliged to conſider the ſubject with a 
little more attention. 

I agree with. you, that, * means of a vacuum in a 
whirlwind, water cannot be ſuppoſed to riſe in large 
maſſes to the region of the clouds ;. for the preſſure of 


the ſurrounding atmoſphere could not force it up in a. chu. 


tinued body, or column, to a much greater height than 
thirty feet. But, if there really is a vacuum in the cen- 


ter, or near the axis of whirlwinds, then, I think, water 


may 
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may riſe in ſuch vacuum to that height, or to leſs height, 

as the vacuum may be leſs perfect. | 

I had not read Stuart's account, in the 7. ranſaFions, 

for many years, before the. receipt of your letter, and 

had quite forgot it; but now, on viewing bis draughts, 

and conſidering his deſcriptions, I think they ſeem to fa- 
vour my hypotheſis; for he deſcribes and draws columns 
of water, of various heights, terminating abruptly at the 
top, exactly as water would do, when forced up by the 
preſſure of the atmoſphere, into an exhauſted tube. 

I muſt, however, no longer call it my hypothefis, ſince I 
find Stuart had the ſame thought, though ſomewhat ob- 
ſcurely expreſſed, where he ſays he imagines this phæ- 
% nemenon may be ſolv'd by ſuction (improperly ſo call- 
10 ed) or rather pulſion, as in the application of a cup- 
« ping glaſs to the fleſh, the air being firſt voided by the 

* kindled flax.” | 

In my paper, I S a mhickeind and a ſpout to be 
the ſame thing, and to proceed from the ſame cauſe ; 
the only difference between them being, that the one 
paſſes over land, the other ever water. I find, alſo, in 

the 7 ranſaftions, that M. de la Pryme was of the ſame o- 
pinion; for he there deſcribes two ſpouts, as he calls 
them, which were ſeen at different times, at Hatfield in 
Torzſbire, whoſe a appearances | in the air were the fame 
with thoſe of the ſpouts at ſea, and cifects the fame. with 85 
E of real ee 3 | 
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Whirlwinds have, generally, a progreſſive, as well as a 


circular motion; ſo had what is called the ſpout, at 


Topſham—(See the account of it in the Tranſations)— 
which alſo appears, by its effects deſcribed, to have. been 
a real whirlwind. Water-ſpouts have, alſo, a progreſſive 
motion ; this is ſometimes greater, and ſometimes leſs ; in 
ſome violent, in others barely perceivable. The whirl- 


wind at Warrington continued long in Acrement-Cloſe, 


Whirlwinds generally ariſe after calms and great heats : 


The fame is obſerved of water-ſpouts, which are, there- 


fore, moſt frequent in the warm latitudes. The ſpout 
that happened in cold weather, in the Downs, deſcri- 
bed by Mr Gordon in the Tranſa&ioms, was, for that rea- 
ſon, thought extraordinary; but he remarks withal, that 
the weather, though cold when the ſpout appeared, was 
ſoon after much colder ; as we find it, commonly, leſs 
warm after a whirlwind. | 

| You agree, that the wind blows every way towards a 
whirlwind, from a large ſpace round. An intelligent 
whaleman of Nantucket, informed me, that three of their 
veſſels, which were out in ſearch of whales, happening 
to be becalmed, lay in fight of each other, at about a 
league diſtance, if I remember right, nearly forming a 
triangle: After ſome time, a water-ſpout appeared near the 
middle of the triangle, when a briſk breeze of wind ſprung 


up, and every veſſel made ſail; and then it appeared to them 


all, by the ſetting of the ſails, and the courſe each veſſel 
ſtood, that the ſpout was to the leeward of every one of 


G 8 them; 
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them; and they all declared it to have been * when 
they bepbened afterwards in company, and came to con- 
fer about it. So that in this particular likewiſe, whirl- 
winds and water - ſpouts agree. 

But, if that which appears a e at tas ne 
- ſometimes, in its progreſſive motion, meet with and paſs 
aver land, and there produce all the phænomena and &f- 
fects of a whirlwind, it ſhould thence ſeem ſtill more evi- 
dent, that a whirlwind and a. fpout are the ſame. I ſend 
you, herewith, a letter from an ingenious phyſician - 
of my acquaintance, which gives one inſtance of this, 
that fell within his obſervation, 7 1 

A fluid, moving from all points horizontally, towards 
a center, muſl,- at that center, either aſcend or deſcend. 
Water being in a tub, if a hole be opened in the middle 
of the bottom, will flow from all ſides to the center, and 
there deſcend in a whirl. But, air flowing on and near 
the ſurface of land or water, from all ſides, towards a cen- 
ter, muſt, at that center, ond: the land or water n 
dering its deſcent. 
If theſe concentring currents of air be in che upper re- 
gion, they may, indeed, deſcend in the ſpout or whirl- 
wind; but then, when the united current reached. the 
earth or water, it would ſpread, and, probably, blow eve- 
ry way from. the center. There may be whirlwinds of. 

| both kinds, but, from the commonly obſerved effects, I. 
ſuſpect the riſing one to be the moſt common: When the 
upper air e it is, perhaps, in a greater body, ex- 

tending 
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tending wider, as in our thunder-guſts, and without much 
whirling ; and, when air deſcends in a ſpout, or whirl- 
wind, I ſhould rather expect it would preſs the roof of 
a houſe inwards, or force in the tiles, ſhingles, or thatch, 
force a boat down into the water, or a piece of timber in- 
to the earth, than that it would lift them up, and carry 
them away. 

It has ſo happened, that I have not met with: any ac- 
counts of ſpouts, that certainly deſcended ; I ſuſpect they 
are not frequent. Pleaſe to communicate thoſe you men- 
tion. The apparent dropping of a pipe from the clouds 
towards the earth or ſea, I will endeavour to 3 1 


aſter. 
. . of the cloud, which, as I am in- 


formed, 1s generally, if not always the caſe, during-a ſpout, 
ſeems to ſhew an aſcent, rather than a deſcent of the mate 
ter of which ſuch cloud is compoſed ; for a deſcending 
ſpout, one would expect, ſhould diminiſh a cloud, I 
own, however, that cold air deſcending, may, by con- 
denſing the vapours in a lower region, form and increaſe 
clouds; which, I think, is generally the caſe in our 
common thunder-guſts, and, therefore, do not lay great 

ſtreſs on this argument. : 
Whirlwinds, and ſpouts, are not ens though moſt 
commonly, in the day time. The terrible whirlwind: 
which damaged a great part of Rome, June 11, 1749. 
happened in the night of that day. The ſame was ſup- 
poſed to have been firſt a ſ pout, for it 1s faid to be beyond 
G : doubt, 
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doubt, that it gathered in the neighbouring ſea, as it 


could be tracked from O//;a to Rome, I find this in Pere 


Boſchovich's account of it, as abridg d in the Monthly Re. 


view for December 1750. 

In that account, the whirlwind is ſaid to have appear- 
ed as a very black, long, and lofty cloud, diſcoverable, 
notwithſtanding the darkneſs of the night, by its conti- 


nually lightning or emitting flaſhes on all ſides, puſhing 


along with a ſurprizing ſwiftneſs, and within three or 
four feet of the ground. Its general effects on houſes, 
were, ſtripping off the roofs, blowing away chimneys, 


breaking doors and windows, forcing up the floors, and 


unpaving the rooms, (ſome of theſe effects ſeem to a- 
gree well with a ſappoſed vacuum in the center of the 
whirlwind) and the very rafters of the houſes were broke 


and diſperſed, and even hurled 1 houſes at a conſide- 


rable diſtance, &c. 


It ſeems, by an agree on of Pere Boſchoich's, as ic | 
the wind blew from all fides towards the whirlwind ; for, 


having carefully obſerved its effects, he concludes of all 


whirlwinds, © that their motion is citcular, and their ac- 
15 N * tion attractive. 


He obſerves, on a number of hiſtories of whichwinds, 


&c. © that a common effect of them is, to carry up into 


the air tiles, ſtones, and animals themſelves, which hap- 


L pen to be in their courſe, and all kinds of bodies unex- 


5 ee Wick throwing them to a conſiderable diſtance, 


« with 
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« with great impetuoſity.” Such effects ſeem to ſhew a 
ring current of air, | | 

I will endeavour to explain my conceptions of this mat- 
ter by figures, N a plan and an elevation of a 
ſpout or whirlwind. i | 

I would only firſt beg to be allowed two or three po- 
fitions, mentioned in my former paper. 

1. That the lower region of air is often more heated, 
and ſo more rarified, than the upper ; conſequently, ſpeci- 
fically lighter. The coldneſs of the upper region is ma- 
nieſted by the hail which ſometimes falls from it in a hot 
„„ „„ 

2. That heated air may be very moiſt, and yet the 
moiſture ſo equally diffus'd and rarified, as not to be vi- 
ſible, till colder air mixes with it, when it condenſes, and 
becomes viſible. Thus our breath, invitble in ſummer, 
becomes viſible in winter. : 

Nov, let us ſuppoſe a tract of land, or ſea, of perhaps 
ſixty miles ſquare, unſcreened by clouds, and unfanned by 
winds, during great part of a ſummer's day, or, it may 
be, for ſeveral days ſucceſſively, till it is violently heated, 
together with the lower region of air in contact with it, 
ſo that the ſaid lower air becomes ſpecifically lighter than 
the ſuperincumbent higher region of the atmoſphere, in 
which the clouds commonly float: Let us ſuppoſe, alſo, 
that the air ſurrounding this tract has not been ſo much 
heated during thoſe days, and, therefore, remains heavier. 
The conſequence of this ſhould pe, as I conceive, that the 

heated 
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heated lighter air, being preſſed on all ſides, muſt aſcend, 


and the heavier deſcend ; and, as this riſing cannot be in 


all parts, or the whole area of the tract at ence, for that 
would leave too extenſive a vacuum, the riſing will begin 
preciſely in that column that happens to be the lighteſt, 
or moſt rarified ; and the warm air will flow horizontally 
from all points to this column, where the ſeveral currents 


meeting, and joining to riſe, a whirl is naturally formed, 


in the ſame manner as a whirl is formed in the tub of 
water, by the deſcending fluid flowing from all ſides of 
the tub, to the hole in the center. 

And, as the ſeveral currents arrive at this central riſing 
column, with a conſiderable. degree of horizontal motion, 
they cannot ſuddenly change it to a vertical motion ; 
therefore, as they gradually, in approaching the whirl, 
decline from right to curve or circular lines, ſo, having 
joined the whirl, they aſcend by a ſpiral motion; in the 
ſame manner as the water deſcends Ca — the 
hole in the tub before- mentioned. 


Laſtly, as the lower air, and neareſt the cnc. is 


moſt rarified by the heat of the ſun, that air is moſt acted. 
on by the preſſure of the ſurrounding cold and heavy air, 
which is to take its place; conſequently, its motion to- 
wards the whirl is ſwifteſt, and ſo the force of the lower 
part of the whirl, or trump, ſtrongeſt, and the centrifu- 


gal force of its particles greateſt ; and hence the vacuum 


round the axis of the whirl ſhould be greateſt near 
the 12 or ſea, and be N diminiſhed as it ap- 
proaches 
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5 proaches the region of the clouds, till it ends in a point, 


as at A in Fig. II. forming a long and ſharp cone. 
In Fig. I. which is a plan or ground-plat of a whirl- 
wind, the circle V. repreſents the central vacuum. 
Between aaaa and 6555 I ſuppoſe a body of air con- 


denſed ſtrongly by the preſſure of the currents moving to- 


wards it, from all ſides without, and by its centrifugal 
force from within; moving round with prodigious ſwiſt- 
neſs, (having, as it were, the momenta of all the currents 
— — 

united in itſelf) and with a power equal to its ſwiftneſs and 
denſity. 

It is this whirling body of air haves aaaa and bbbb 
that riſes ſpirally ; by its force it tears buildings to pieces, 


twiſts up great trees by the roots, Sc. and, by its ſpiral 


motion, raiſes the fragments ſo high, till the preſſure of 


the ſurrounding and approaching currents diminiſhing, 


can no longer confine them to the circle; or their own 
centrifugal force encreaſing, grows too ſtrong for ſuch 
preſſure, when they fly off in tangent lines, as ſtones out 
of a ling, and fall on all ſides, and at great diſtances. 
If it happens at ſea, the water under and between 
aaaa and 66H will be violently. agitated and driven 
about, and parts of it raiſed with the ſpiral current, and, 
thrown about, ſo as to form a buſh like appearance. 
This circle is of various diameters, ſometimes very large. 
If the vacuum paſſes over water, the water may riſe in 
it in a body, or column, to near the height of thirty-two. feet; 
| If 
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If it paſſes over houſes, it may burſt their windows or 
walls outwards, pluck off the roofs, and pluck up the 
floors, by the ſudden rarefaction of the air contained with- 
in ſuch buildings ; the outward preſſure of the atmoſphere 
being ſuddenly taken off: So the ſtopp'd bottle of air burſts 
under the exhauſted receiver of the air-pump. _ 

FIG. II. is to repreſent the elevation of a water-ſpout, 
wherein, I ſuppoſe PPP to be the cone, at firſt a va- 
cuum, till W W, the riſing column of water, has filled 
fo much of it. SSSS, the ſpiral whirl of air ſurround- 
ing the vacuum, and continued higher in a cloſe column 
after the vacuum ends in the point P, till it reaches the 
cool region of the air. BB, the buſh deſcribed by Stu- 
art, ſurrounding the foot of the column of water. | 

Now, I ſuppoſe this whirl of air will, at firſt, be as 
inviſible as the air itſelf, though reaching, in reality, from 
the water, to the region of cool air, in _ our low 
ſummer thunder-clouds commonly float; but preſently 
it will become viſible at its extremities. Al its lower end, 


by the agitation of the water, under the whirling part of 


the circle, between P and 8, forming Stuart's buſh, and 
by the ſwelling and riſing of the water, in the beginning 
vacuum, which is, at firſt, a ſmall, low, broad cone, 
whoſe top gradually riſes and ſharpens, as the force of the 
whirl encreaſes. At its upper end it becomes viſible, by 
the warm air brought up to the cooler region, where its 
moiſture begins to be condenſed into thick vapour, by the 
cold, and is ſeen firſt at A, the higheſt part, which be- 
ing 
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being now cooled, condenſes what riſes next at B, which 
condenſes that at C, and that condenſes what is rifing at 


D, the cold operating by the contact of the vapours faſt- 
er in a right line downwards, than the vapours themſelves 


can climb in a ſpiral line upwards ; they climb, however, 
and as by continual addition they grow denſer, and, con- 


1 5 ſequently, their centrifugal force greater, and being riſen a- 
bove the concentrating currents that compoſe the whirl, 


they fly off, ſpread, and form a cloud, 
It ſeems eaſy to conceive, how, by this e con- 


denſation from above, the ſpout appears to drop or de- 


ſcend from the cloud, though the materials of which it is 


compoſed are all the while aſcending. | 
The condenſation of the moiſture contained in ſo great 


a quantity of warm air as may be ſuppoſed to riſe in a 
ſhort time in this prodigiouſly rapid whirl, is, perhaps, 
ſufficient to form a great extent of cloud, though the ſpout 


ſhould be over land, as thoſe at Hatfield; and if the land 


happens not to be very duſty, perhaps the lower part of 


the ſpout will ſcarce become viſible at all ; though the 


upper, or what is commonly called, the deſcending part, 


be very diſtinctly ſeen. 
The ſame may happen at ſea, in caſe the whirl is not 


violent enough to make a high vacuum, and raiſe the co-. 


lumn, &c. In ſuch caſe, the upper part ABCD only 
will be viſible, and the buſh, perhaps, below. "jj 
But if the whirl be ſtrong, and there be much duſt 


| on * land, and the column W W be raiſed from the wa- 
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ter, then the lower part becomes viſible, and ſometimes: 
even united to the upper part. For the duſt may be car- 
ried up in the ſpiral whirl, till it reach the region where 
the vapour is condenſed, and riſe with that even to the 
clouds : And the friction of the whirling air, on the ſides 
of the column WW, may detach great quantities of its. 
water, break it into drops, and carry them up in the ſpi- 
ral whirl mixed with the air; the heavier drops may, 
indeed, fly off, and fall, in a a round the ſpout; 
but much of it will be broken into vapour, yet viſible; 

and thus, in both caſes, by duſt at land, and, by water at 
ſea, the whole tube may be darkened and rendered viſible. 
As the whirl weakens, the tube may (in appearance) 

ſeparate in the middle ; the column of water ſubſiding, 
and the ſuperior condenſed part drawing up to the cloud. 
Yet ſtill the tube, or whirl of air, may remain entire, 
the middle only becoming inviſible, as not —_— vi- 
ſible matter. | 

Dr Stuart ſays, * It was obſervable of all the 3 | 
© he faw, but more perceptible of the great one; that, 
© towards the end, it began to appear like a hollow canal, 
only black in the borders, but white in the middle; 
and though at firſt it was altogether black and opaque, 
© yet, now, one could very diſtinctly perceive the ſea- 
© water to fly up along the middle of this canal, as ſmoak 
up a chimney.” 


And Dr Mather, deſcribing a whirlwind, ſays, « _— 


7 a 


4 dark ſmall cloud aroſe, with a — of light in 


. f 


— 


ER * 


' through, nor the ſpiral a- 
ſcending motion diſco- 


ed, the pipe became more 


For, by inſpection of this 
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* it of about eight or ten feet diameter, and paſſed a- 

long the ground in a tract not wider than a ſtreet, hor- 

« ribly tearing up trees by the roots, blowing them up in 

© the air like feathers, and throwing up ſtones of great 
weight to a conſiderable height in the air, &c,” 

' Theſe accounts, the one of water-ſpouts, the other of 

a whirlwind, ſeem, in this particular, to agree; what one 


Gentleman deſcribes as a tube, black in the borders, and 


white i in the middle, the other calls a black cloud, with 


a pillar of light in it; the latter expreſſion has only a 


little more of the marvellous, but the thing is the ſame; 
and it ſeems not very difficult to underſtand. When Dr 


Stuart's ſpouts were full charged, that is, when the whirling 


pipe of air was filled between aaa and 66 0 b, Fig. I. 
with quantities of drops, and vapour torn off from the co- 
lumn W.W, Fig. II. the whole was rendered ſo dark, as 


that it could not be ſeen Et 


© '©] 


=_ 1 
figure in the margin, re- — 


preſenting a ſection of our ſpout, with the vacuum in the 
middle, it is | Plain that if we look at ſuch a hollow pipe in 


Hha 7 the 


vered ; but when the 
quantity aſcending leſſen- 


tranſparent, and the a- 
ſcending motion viſible. 
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the direQion of the arrows, and ſuppoſe opaque particles ts: 
be equally mix'd in the ſpace between the two circular lines; 
both the part between the arrows a and: h, and that between 
the arrows c and d, will appear much darker than that 
between 6 and c, as there muſt be many more of thoſe 
opaque particles in the line of viſion acroſs the fides, than 
acroſs the middle. It is thus that a hair in a microſcope 
evidently appears to be a pipe, the ſides ſhewing darker 
than the middle. Dr Mather's whirl was probably filled 
with duſt, the fides were very dark, but the vacuum 

within rendering the middle more 9 he calls it 

à pillar of light. 

It was in this more tranſparent part, between 6 and c, 
chat Stuart could ſee the ſpiral motion of the vapours 
whoſe lines on the neareſt and fartheſt ſide of the tran- 
ſparent part croſſing each otlier, repreſented ſmoak aſ- 
| cending 1 in a chimney; for the quantity being ſtill too 
great in the line of ſight through the ſides of the tube, 
the motion could not be diſcovered there, and ſo they re- 
preſented the ſolid ſides of the chimney. 

When the vapours reach. in the pipe from the TI 
near to the earth, it is.no wonder now to thoſe who un- 
derſtand Electricity, that flaſhes of lightning ſhould de- 
| ſend by the ſpout as in that at Rome. 

But you object, If water may be thus carried into the 
clouds, why have we no falt rains? The objection is 
ſtrong and reaſonable, and I know nat whether I can an- 

55 it to your ſatisfaction. I never heard but of one ſalt 
c rain, 


enn 


2 
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rain, and that was where a ſpout paſſed pretty near a 


ſhip, ſo I ſuppoſe it to be only the drops thrown off 
from the ſpout, by the centrifugal force (as the birds were 
at Hatfield) when they had been carried ſo high as to be 

above, or to be too ſtrongly centrifugal for, the preſſure 


of the concurcing winds ſurrounding it: And, indeed, I 
| believe there can be no other kind of ſalt rain; for it has 
pleaſed. the goodneſs of God fo to order it, that the parti- 
cles of air will not attract the 9 of ſalt, though f 


they ſtrongly attract water. 


Hence, though. all metals, even gold, may be united 
with air, and rendered volatile, ſalt remains fixt in the 
fire, and no heat can force it up to any conſiderable 
height, or oblige the air to hold it. Hence, when ſalt 


riſes, as it will a little way, into air with water, there is 


inſtantly a ſeparation made; the particles of water adhere 
to the air, and the particles of ſalt fall down again, as if 
repelled and forced off from the water by ſome power in 
the air; or, as ſome metals diſſolved in a proper menſtru- 
um, will quit the ſolvent when other matter approaches, 
and adhere to that, ſo the water quits the ſalt, and em- 


braces the air but air will not embrace the falt, and 


quit the water, otherwiſe our rains would indeed be ſalt, 
and every tree and plant on the face of the earth be de- 
ſtroyed, with all the animals that depend on them for 
ſubſiſtence. He who hath proportioned” and given 
proper qualities to all things, was not unmindful of this. 
Let us adore HIM with praiſe and thankſgiving !! 

x By 


| 
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By ſome accounts of ſeamen, it ſeems the column of 


water W W, ſometimes falls ſuddenly ; and if it be, as 
ſome ſay, fifteen or twenty yards diameter, it muſt fall 
with great force, and they may well fear for their ſhips. 


By one account, in the Tranſactions, of a ſpout that fell 


at Colne in Lancaſhire, one would think the column is 
ſometimes lifted off from the water, and carried over land, 
and there let fall in a body ; but _ I ſuppoſe, happens 
„ 
Stuart deſcribes his ſpouts as appearing no bigger than 
a maſt, and ſometimes leſs; but they were ſeen at a league 
and a half diſtance, 
I think I formerly read in | Dong or ſome other 


voyager, that a ſpout, in its progreſſive motion, went o- 


vera ſhip becalm'd, on the coaſt of Guinea, and firſt threw 
her-down on one ſide, carrying away her fore-maſt, then 


ſuddenly whipp'd her up, and threw her down on the o- 


© ther ſide, carrying away her mizen-maſt, and the whole 
was over in an inſtant, I ſuppoſe the firft miſchief was 
done by the fore-ſide of the whirl, the latter by the hin- 
der fide, their motion being contrary. | 
1 ſuppoſe a whirlwind, or ſpout, may be ee 
3 — the concurring winds are equal; but if unequal, the 
whirl acquires a progreſſive motion, in the dien of the 
ſtrongeſt preſſure. 
When the wind that gives the 1 motion, be- 
comes ſtronger below than above, or above than below, 


the ſpout will be bent, and the cauſe n ſtraiten a- 


gain. 
Nour 
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Your Queries, towards the end of your paper, appear 

judicious, and worth conſidering, At preſent I am 

not furniſhed with facts ſufficient to make any pertinent 

anſwer to them; and this paper has already a ſufficient 
quantity of conjecture. 

Your manner of accommodating the accounts to your 


Hypotheſis of deſcending ſpouts, is, I own, ingenious ; and 


perhaps that hypotheſis may be true. I will conſider it 


farther, but, as yet, I am not . with it, though here- 


after I may be. 
Here you have my method of accounting for the prin- 


cipal phænomena, which I ſubmit to your candid exami- 


nation. 
And as I now ſeem to have almoſt written a beak in- 


ſtead of a letter, you will think it high time I ſhould con- 


clude; which I beg leave to do, with aſſuring you that 


Ian, Sir, &. 
.F. 
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From Dod or M— 2 1 
T © | 1 
_ BENJAMIN FRANKLIN, Eſq; at Philadelphia, ; 
SIR New-Brunfwick, November 11, 17 32. 
| Readar the Royal [ favoured bre, your letter of che 
Soc +l 2d inſtant, an all, with pleaſure, 


comply with your requeſt, in deſcrib- 
ing (as well: as my memory ſerves me) the water-ſpout I 
ſaw at Antigua ; and ſhall think this, or any other ſervice 
I can do, well repaid, if it contributes to your latisfaction | in 
ſo curious adiſquiſition, 

I had often ſeen water-ſpouts at a 1 . heard 
many ſtrange ſtories of them, but never knew any thing 
ſatisfactory of their nature or cauſe, until that which I ſaw 
at Antigua; which convinced me that a water-ſpout is a 
whirlwind, which becomes viſible in all its dimenſions T7 el 
the water it carries up with it. 

There appeared, not far from the mouth of the harbour 


of St Jobn's, two or three water-ſpouts, one of which 
FE "wok 


on Philoſophical Subjefts. 235 


took its courſe up. the harbour. Its progreſſive motion 
was flow and unequal, not in a ſtrait line, but, as it were, 


by jerks or ſtarts. When juſt by the wharff I ſtood about 
| 100 yards from it. There appeared in the water a circle 


of about twenty yards diameter, which, to me, had a 
dreadful, though pleaſing appearance. The water in this 
circle was violently agitated, being whiſked about, and 
carried up into the air with great rapidity and noiſe, and 
reflected a luſtre, as if the ſun ſhined bright on that ſpot, 
which was more conſpicuous, as there appeared a dark 
circle around it. When it made the ſhore, it carried up 
with the ſame violence ſhingles, ſtaves *, large pieces of 


the roofs of houſes, &c. and one ſmall wooden houſe it 


lifted entire from the foundation en which it ſtood, and 
carried it to the diſtance of fourteen feet, where it ſettled 


without breaking or overſetting; and, what is remarka- 


ble, though the whirlwind moved from Welt to Eaft, the 
houſe moved from Eaſt to Weſt, Two or three Negroes 


and a white woman, were killed by the fall of timber, 


which it carried up into the air, and dropt again. After 
paſſing through the town, I believe it was ſoon diſſipated; 
for, except tearing a large limb from a tree, and part of the 
cover of a ſugar- work near the town, I do not remember 
any farther damage done by it. I eonclude, wiſhing you 

ſucceſs in your enquiry, and am, Sc, W. M. 


I ſuppoſe ſhingles, ſtaves, timber, and other lumber, might be lying 
in quantities on the Wharf, fot fale; as brought from the Northern 


colonies, B. F. 


III 
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rern un. 


From Doctor , of Boſton, 


T 0 


8 I R. 5 „ Boſton, May 14, 1753. 


al Society 7; 


. thank you for it. Several things in it 


TO 8 1 Received your letter of April laſt, an x 


make me ata loſs which ſide the truth. 


lies on, and mne me to wait for farther evidence. 
As to ſhooting ſtars, as they are called, I know very 
little, and hardly know what to ſay. I imagine them to 


be paſſes of electric fire from place to place in the atmo- 
ſphere, perhaps occaſioned by accidental preſſures of a 


non- electric circumambient fluid, and ſo by propulſion, or 


allicited by the circumſtance of a diſtant quantity minus 


electrified, which it ſhoots to ſupply, and becomes appa- 


rent by its contracted paſſage through a non- electric me- 


dium. Electric fire in our globe is always in action, ſome- 


times aſcending, deſcending, or paſſing from region to re- 
gion 


| BENJAMIN FRANKLIN, 205 of fauna. 
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gion. I ſuppoſe it avoids too dry air, and therefore we 


never ſee theſe ſhoets aſcend. It always has freedom e- 
nough to paſs down unobſerved, but, I imagine, not al- 
ways ſo, to paſs to diſtant climes and meridians leſs ſtored 
with it. | | 


The ſhoots are e all one way, which, in the 
laſt caſe, they ſhould be. | 
Poſſibly there may be collections of bees in our at- 
moſphere, which gradually form, by attraction, either 
ſimilar ones per ſe, or diſſimilar particles, by the interven- 
tion of others, But then, whether they ſhoot or explode 
of themſelves, or by the approach of ſome ſuitable foreign 
collection, accidentally brought near by the uſual oommo- 
tions and interchanges of our atmoſphere, eſpecially when 
the higher and lower regions intermix, befors change of 
winds and weather, I leave. 
I believe I have now faid enough of whe I know no- 
thing about. If it ſhould ferve for your amuſement, or 


any way oblige you, it is all I aim at, and ſhall, at your 


deſire, be always ready to ſay what I think, as 1 am ſure 
of your candour. 


; Jan, Ge 
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Read at the Royal | 
; Society July 


. 0756. aſcents of water from below, to the 


the means of conveyance. The world has been very well 
ſatisfied with theſe opinions, and prejudiced with reſpect 
ta any obfervations about them. Men of learning and ca- 


pacity have had many opportunities in paſſing thofe regi- 


ons where theſe phænomena were moſt frequent, but feem 
induſtriouſſy to have declined any notice of them, unlefs 
ta eſeape danger, as a matter of mere impertinence in a 
caſe ſo clear and certain as their nature and manner of 
operation are taken to be. Hence it has been very diffi- 
cult to get any tolerable accounts of them. None but 
thoſe they fell near can inform us any thing to be depend- 


ed an; three or four ſuch. inſtances follow, where the veſ- 


ſels were ſo near, that their crews could nat avoid know- 
ing ſomething remarkable with reſpect to the matters in 


queſtion. 
Capt. Jobn Wakefield, junior, paſſing the Streights of 
Gibraltar, had one fall by the fide of his ſhip; it came 


down. of a ſudden, as they unn and all agree the de- 


_ was certain. 


Capt. 


POUTS have been generally believed 


region of the clouds, and whirlwinds 
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Capt. Lang /iaf,, on a voyage to the Weſt-Indies, had 
one come acroſs the ſtern of his veſſel, and paſſed away 
from him. The water came down in ſuch quantity that 
the preſent Capt. Melling, who was then a common 
ſailor at helm, ſays it almoſt drowned him, running into 
his mouth, noſe, ears, &c. and adds, that it taſted per- 


fectly freſh. 


One paſſed by the fide of Capt. Hooland's ſhip, ſo near 
that it appeared pretty plain that the water deſcended from 
firſt to laſt. . 

Mr Robert Spring was o near one in the Streights of 
Mallacca, that he could perceive it to be a ſmall very thick 
rain, | | | 
All theſe aſſure me, that there was no wind drawing to- 
wards them, nor have 1 found any others that On ob- 


ferved ſuch a wind. 
It ſeems plain, by theſe few inſtances, that whichwinds 


do not always attend ſpouts ; and that the water really de- 


fcends in ſome of them. But the following conſiderati- 
on, in confirmation of this opinion, may, perhaps, ren- 
der it probable that all ſpouts are deſcents. 

It ſeems unlikely that there ſhould be two ſorts of ſpouts, 


; one aſcending and the other deſcending. 


It has not yet been proved that any one ſpout ever a- 
ſcended. A ſpecious appearance is all that can be pro- 


_ duced in favour of this; and thoſe who have been moſt 


poſitive about it, were at more than a league's diſtance 


when they obſerved, as Stuart and others, if I am not 
miſtaken 


2 3 ES 4 . 
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miſtaken. However, I believe it impoſlible to be certain 


whether water aſcends or deſcends at half the diſtance. 

It may not be amiſs to conſider the places where they 
happen moſt. Theſe are ſuch as are liable to calms from 
departing winds on both ſides, as on the borders of the 
Aquinoctial trade, calms on the coaſt of Guinea, in the 


| Streights of Malacca, &c. places where the under region 


of the atmoſphere is drawn off horizontally. I think 
they don't come where the calms are without departing 
winds ; and I take the reaſon to be, that ſuch places, and 


places where winds blow towards one another, are liable 


to whirlwinds, or other aſcents of the lower region, which 
I ſuppoſe contrary to ſpouts. But the former ate liable to 


deſcents, which I take to be neceſſary to their production. 


Agreable to this, it ſeems reaſonable to believe, that any 
Mediterranean ſea ſhould be more ſubject to ſpouts than 
others. The ſea uſually ſo called is ſo. The Streights of 
Malacca is. Some large gulphs may probably be ſo, in 


ſuitable latitudes; ſo the Red Sea, Sc. and all for this 
reaſon, that the heated lands on each fide, draw off the 


under region of the air, and make the upper deſcend, 
whence ſudden and wonderful condenfations may take 
Place, and make theſe deſcents. 

It ſeems to me, that the manner of their appearance , 
and procedure, favour the notion of a deſcent. 

More or leſs of a cloud, as Iam informed, always ap- 


: pears over the place firſt; then a ff pattering on the ſurface 


of the water below; and when this is advanced to a con- 
1 | En _ fiderable 
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Ederable degree, the ſpout emerges from the cloud, and 
deſcends, and that, if the cauſes are ſufficient, down to 
the places of ſpattering, with a roaring in proportion to 
the quantity of the diſcharge ; then it abates, or ſtops, 
ſometimes more gradually, ſometimes more ſuddenly. 

I muſt obſerve a few things on theſe particulars, to ſhew 
how I think they agree with my hypotheſis. . 

The preceding cloud over the place ſhews condenſati- 
on, and, conſequently, tendency downwards, which there- 
fore muſt naturally prevent any aſcent, Beſides that, fo 
far as I can learn, a whirlwind never comes under a 
cloud, but in a clear ſky. 

The ſpattering may be eafily conceived to be cauſed 
by a ſtream of drops, falling with great force on the place, 


1 imagining the ſpout to begin ſo, when a ſudden and great 
4 condenſation happens in a contracted {| pace, as the Ox Eye 


on the coaſt of Guinea. | 
The ſpout appearing to deſcend from the doi ſeems 
to be, by the ſtream of nearly contiguous drops bringing 
the air into conſent, fo as to carry down a quantity of the 
vapour of the cloud; and the pointed appearance it makes 
may be from the deſcending courſe being ſwifteſt in the 
middle, or center of the ſpout. This naturally drawing 
the outer parts inward, and the center to a point ; and' 
that will appear foremoſt that moves ſwifteſt, The phe- 
nomenon of retiring and advancing, I think may be ac- 
counted for, by ſuppoſing the progreſſive motion to ex- 
ceed or not equal the conſumption of the vapour by con- 
den- 
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denſation. Or more plainly thus: The deſcending va- 
pour which forms the apparent ſpout, if it be ſlow in its 
progreſs downwards, is condenſed as faſt as it advances, 
and ſo appears at a ſtand ; when it is condenſed faſter than 
it advances, it appears to retire ; and vice verſa. 

Its duration and manner of ending, are as the cauſes, 
and may vary by ſeveral accidents. 
The cloud itſelf may be fo circumſtanced as to ſtop it; 


as when, extending wide, it weighs down at a diſtance 


round about, while a ſmall circle at the ſpout being exo- 
nerated by the diſcharge, aſcends and ſhuts up the paſſage. 
A new determination of wind may, perhaps, ftop it too. 
Places liable to theſe appearances are very liable to fre- 
quent and ſudden alterations of it. 

Such accidents as a clap of thunder, firing cannon, Sc. 
may ſtop them, and the reaſon may be, that any ſhock 
of this kind may occaſion the particles that are near coher- 


ing, immediately to do ſo; and then the whole, thus con- 


denſed, falls at once (which is what I ſuppoſe is vulgarly 
called the breaking of the ſpout) and in the interval, be- 


tween this period and that of the next ſet of particles 


being ready to unite, the ſpout ſhuts up. So that if this 
reaſoning is juſt, theſe ee agree with my hypo- 
theſis. 

The uſual temper of the air, at the time of their ap- 
Pearance, if I have a right information, is for me too; 


it being then pretty cool for the ſeaſon and climate; and 
this is worth remark, becauſe cool air is weighty, and will 


#.-+.57 | i | not. 
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not aſcend; beſides, when the air grows cool, it ſhews 
that the upper region deſcends, and conveys this temper 
down; and when the tempers are equal, no whirlwind 
can take place. But ſpouts have been known, when the 
lower region has been really cold. Gordon's ſpout in the 
Downs is an inſtance of this—(Yide Philoſophical Tranſ- 
a#tions—) where the upper region was probably not at 
all cooler, if ſo cold as the lower: It was a cold day in 
the month of March; hail followed, but not ſnow ; and 
it is obſervable, that not ſo much as hail follows or ac- 
companies them in moderate ſeaſons or climes, when and 
where they are moſt frequent. However, it is not im- 
probable, that juſt about the place of deſcent may be cool- 
er than the neighbouring parts, and ſo favour the won- 
derful celerity of condenſation. But, after all, ſhould ws 
allow the under region to be ever ſo much the hotteſt, 
and a whirlwind to take place in it : Suppoſe then the 
ſea-water to aſcend, it would certainly cool the ſpout, and 
then, query, whether it would not very much, if not 

wholly, obſtruct its progreſs. | 
It commonly rains when ſpouts diſappear, if it did not 
before, which it frequently does not, by the beſt accounts 
J have had; but the cloud encreaſes much faſter after 
they diſappear, and it ſoon rains. The firſt ſhews the 
ſpout to be a contracted rain, inflead of the diffuſed one 
that follows ; and the latter that the cloud was not formed, | 
by aſcending water, for then it would have ceaſed grow- 
ing var the ou vaniſhed. | 


K k 5 However 
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However, it ſeems that ſpouts have ſometimes ap- 
peared after it began to rain ; but this is one way a proof 
of my hypotheſis, viz. as whirlwinds don' t come under 
a cloud, | 
oF forgot to mention, that the increaſe of cloud, while 
the ſpout ſubſiſts, is no argument of an aſcent of water, 
by the ſpout. Since thunder-clouds ſometimes encreaſe 
greatly while it rains very hard. 

Divers effects of ſpouts ſeem not fo well accounted for 
any other way as by deſcent. | 
The buſh round the feet of them ſeems to be a great 
ſpray of water made by the violence of defcent, like that 
in great falls of water from high precipices. | 

The great roar, like ſome vaſt inland falls, is ſo differ-. 
ent from the roar of whirlwinds, by ons accounts, as to be 
no ways compatible. 

The throwing things from it with great force, inſtead 
of carrying them up into the air, is another difference. 

There ſeems ſome probability that the ſailors traditi- 
onary belief that ſpouts may break in their decks, and ſo 
deſtroy veſſels, might originate from ſome facts of that 
ſort in former times. This danger is apparent on my 
hypotheſis, but it ſeems not ſo on the other : And my 
reaſon for it is, that the whole column of a ſpout from 
the ſea to the clouds, cannot, in a natural way, even up- 
on the largeſt ſuppoſition, ſupport more than about three 
feet water, and from truly ſuppoſeable cauſes, not above 
one foot, as may appear more plainly by and by. Sup- 

_ poſing. 
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poſing now the largeſt of theſe quantities to riſe, it muſt 
be diſſeminated into drops, from the ſurface of the ſea to 
the region of the clouds, or higher; for this reaſon it is 


quite unlikely to be collected into maſſes, or a body, upon 


its falling; but would deſcend in progreſſion according to 
the ſeveral degrees of altitude the different portions had 


arrived at when it received this new determination. 


Now that there cannot more riſe upon the common 
hypotheſis than J have mentioned, may appear probable, 


if we attend to the only efficient cauſe in ſuppoſed a- 


ſcending ſpouts, v2. whirlwinds. 
We know that the rarefaction of the "TIRE and the 


condenſation of the upper region of air, are the only 
natural cauſes of whirlwinds. Let us then ſuppoſe the 


former as hot as their greateſt ſummer heat in England, 


and the latter as cold as the extent of their winter. 
Theſe extremes have been found there to alter the weight 


of the air one-tenth, which is equal to a little more than 


three feet water. Were this caſe poſſible, and a whirlwind 


take place in it, it might act with a force equal to the 


mentioned difference. But as this is the whole ſtrength, 
ſo much water could not riſe ; therefore to allow it due 
motion upwards, we muſt abate, at leaſt, . one-fourth part, 
perhaps more, to give it ſuch a ſwift. aſcenſion as ſome 


think uſual, But here ſeveral difficulties. occur, at leaſt 
they are ſo to me. As, whether this quantity would ren- 
der the ſpout opaque ? Since it is plain that in drops it 


could not do ſo. How, or by what means it may be re- 
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duced ſmall enough? Or, if the water be not reduced 
into vapour, what will ſuſpend it in the region of the 
clouds when exonerated there? And, if vapourized while 
aſcending, how it can be dangerous by what they call 
the breaking ? For it is difficult to conceive how a con- 


denſative power ſhould inſtantaneouſly take place of a ra- 
rifying and diſſeminating one. 


The ſudden fall of the ſpout, or, . the fadden 
ceaſing of it, I accounted for, in my way, before. But it 
ſeems neceſſary to mention ſomething I then forgot. 
Should it be ſaid to do ſo, (i. e.) to fall, becauſe all the 
lower rarified air is aſcended, whence the whirlwind muſt 
ceaſe, and its burden drop; I cannot agree to this, unlefs 
the air be obſerved on a ſudden to have grown much 
colder, which I can't learn has been the caſe. Or ſhould 
it be ſuppoſed that the ſpout was, on a ſudden, obſtruct- 
ed at the top, and this the cauſe of the fall, however 
plauſible this might appear, yet no more water would 
fall than what was at the ſame time contained in the 
column, which is often, by many and ſatisfactory ac- 
counts to me, again far from being the caſe, 

We are, I think, ſufficiently aſſured, that not only 
tons, but ſcores or hundreds of tons deſcend in one ſpout. 
Scores of tons more than can be contained in the trunk 
of it, ſhould we ſuppoſe water to aſcend, 

But, after all, it don't appear that the above-mention- 
: a different degrees of heat and cold concur in any region 
where ſpouts uſually happen, nor, indeed, in any other. 


_ — 
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Read at the Royal 


Obſervations on the MzTEOROLOGICAL PAPER; 


by a Gentleman in Connecticut. 


IR and ning mutually attract 
. . 45 each other, (ſaith Mr F.) hence 
| water will diflolve in air, as ſalt 


in water.” I think that he hath demonſtrated, that the 


ſupporting of ſalt in water is not owing to its ſuperficies 
being increaſed, becauſe ** the ſpecific gravity of ſalt is not 


altered by dividing of it, any more than that of lead, 


ſixteen” bullets of which, of an ounce each, weigh as 


much in water as one of a pound.” But yet, when this 


came to be applied to the ſupporting of water in air, 1 
found an objection riſing in my mind. 

In the firſt place, I have always been FER to 7 for 
any new hypotheſis, or particular law of nature, to ac- 


count for any thing that may be accounted for from the 


known, general, and univerſal law of nature; it being 
an argument of the infinite wiſdom of the Author of the 
World, to effect ſo many things by one general law. 
Now I had thought that the riſing and ſupport of wa- 


ter in air, might be accounted for from the general law 
of gravitation, by only ſuppoſing the ſpaces occupied by 


a ſame Ry of water Increaſed, 
And 
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And, wirh reſpect to the lead, T queried thus in my 
own mind ; whether if the ſuperficies of a bullet of lead 
ſhould be increaſed four or five fold by an internal va- 
cuity, it would weigh the ſame in water as before. I 
mean, if a pound of lead ſhould be formed into a hollow 
globe, empty within, whoſe ſuperficies ſhould be four or 
. Hive times as big as that of the ſame lead when a ſolid 
lump, it would weigh as much in water as before. I 


ſuppoſed it would not. If this concavity was filled with 


water, perhaps it might ; if with air, it would weigh at 

leaſt as much leſs, as this difference between the weight 

of that included air, and that of water, | 
Now although this would do nothing to account for 


the diſſolution of falt in water, the ſmalleſt lumps of falt 


being no more hollow ſpheres, or any thing of the like 
nature than the greateſt; yet, perhaps, it might account 
for water's riſing and being ſupported in air. For you 
know that ſuch hollow globules, or bubbles, abound upon 
the ſurface of the water, which even by the breath of 
our mouths, we can cauſe to quit _—y water, and riſe in 
the air. 

Theſe bubbles J uſed to ſuppoſe to be coats of water, 


containing within them air rarified and expanded with 


fire, and that, therefore, the more friction and daſhing 
there is upon the ſurface of the waters, and the more heat 
and fire, the more they abound. 

And I uſed to think, that although water be ſpecifically 
heavier than air, yet ſuch a bubble, filled only with fire 


and 
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and very rarified air, may be lighter than a quantity of 


common air, of the ſame cubical dimenſions, and, there- 


fore, aſcend ; fot the rarified air incloſed, may more fall 


ſhort of the ſame bulk of common air, in weight, than 
the watery coat exceeds a like bulk of common air in 


gravity. 
This was the objeRtion in my 250 though, 1 muſt 


confeſs, I know not how to account for the watery coat's 


encompaſling the air, as above-mentioned, without allow- 
ing the attraction between air and water, which the Gen- 
tleman ſuppoſes ; ſo that I don't know but that this objection 
examined by that ſagacious Genius, will be an additional 
confirmation of the hypotheſis. 

The Gentleman obſerves, *© That a certain quantity of 
moiſture ſhould be every moment diſcharged and taken 


: away from the lungs ;”” and hence accounts for the ſuf- 


focating nature of ſnuffs of candles, as impregnating the 
air with greaſe, between which and water there is a na- 
tural repellency ; and of air that hath been frequently 


| breathed in, which is overloaded with water, and, for 


that reaſon, can take no more air. Perhaps the ſame ob- 


ſervation will account for the ſuffocating nature of damps 
in wells. | 


But then if the air can ſupport and take off but ſuch a 


proportion of water, and it is neceflary that water be fo 


taken off from the lungs, I queried with myſelf how it is 


we can breathe in an air full of vapours, ſo full as that 


they continually preci Ipitated, Don't we ſee the air 0- 
ver- 


. e 
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verloaded, and caſting forth water plentifully when there 


is no ſuffocation? 
The Gentleman again obſerves, That ha air under 
te the Equator, and between the Tropics, being conſtantly 


te heated and rarified by the ſun, riſes ; its place is ſup- 


ce plied by air from Northern and Southern latitudes, 
„ which coming from parts where the air and earth had 
« Jeſs motion, and not ſuddenly acquiring the quicker mo- 
te tion of the equatorial earth, appears an Eaſt wind blow- 
te ing Weſtward ; the earth moving from Weſt to Eaſt, 
« and flipping under the air.” 

In reading this, two objections occurred to my mind: 

Firſt, That it is ſaid, the trade-wind doth not blow i in 
the forenoon, but only in the afternoon. 

Secondly, That either the motion of the Northern and 
Southern air towards the Equator is ſo flow, as to acquire 
almoſt the ſame motion as the equatorial air when it ar- 
rives there, ſo that there will be no ſenſible difference ; 
or elſe the motion of the Northern and Southern air to- 
wards the Equator, is quicker, and muſt be ſenſible ; and 
then the trade-wind muſt appear either as a South-Eaſt 
or North-Eaſt wind : South of the Equator, a South-Eaſt 
wind ; North of the Equator a North-Eaſt. For the ap- 
parent wind muſt be compounded of this motion from 

North to South, or vice verſa; and of the difference be- 


| tween its motion from Welt to Eaſt, and that of the equa- 


torial air, 
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Obſervations in Anſwer to the foregoing ; by B. F. 


4 H E ſuppoſing a mutual at- 

_— 22 8 traction between the parti- 
3 cles of water and air, is not 

introducing a new law of nature; ſuch attractions taking 

place in many other known inſtances, 

2dly. Water is ſpecifically 8 50 times heavier than air. 

To render a bubble of water, then, ſpecifically lighter 


— A ee > 4 


than air, it ſeems to me that it muſt take up more than 


850 times the ſpace it did before it formed the bubble; 


and within the bubble ſhould be either a vacuum or air 


rarified more than 850 times. If a vacuum, would not 


the bubble be immediately cruſh'd by. the weight of the 
atmoſphere? And no heat, we know of, will rarify air 
any thing near ſo much ; much leſs the common heat of 
the ſun, or that of friction by the daſhing on the ſur- 
face of the water, Beſides, water agitated ever ſo vio- 
lently, produces no ol 8 has been found __ accurate 


experiments. 1 
3dly. A hollow bers of lead has a Grinneb and con- 


ſiſtency in it, that a hollow ſphere or bubble of fluid un: 


frozen water cannot be ſuppoſed to have. The lead may 


ſupport the preſſure of the water it is immerged in, but 


"oh the 
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the bubble could not ſupport the * of the air, if if 
empty within. : 


athly. Was ever a viſible bubble ſeen to m in air? 


AI have made many, when a boy, with ſoap-ſuds and a 
tobacco- pipe; but they all deſcended. when looſe from 
the pipe, though ſlowly, the air impeding their motion. 
They may, indeed, be forced up by a wind from below, 


but do not riſe of themſelves, * filled with warm 


breath. 


5thly. The Siegen relating to our beni moiſt 


dir, ſeems weighty, and muſt be farther conſidered. The 
air that has been breathed, has, doubtleſs, acquired an 


addition of the perſpirable matter which nature intends 


to free the body from, and which would be pernicious 


& retamed and returned into the blood; ſach air then 


may become unfit for reſpiration, as well for that reaſon, 

as on account of its moiſture. Yet I ſhonld be glad to 
learn, by ſome accurate experiment, whether a draft of 
air, two or three times inſpired, and expired, perhaps in 
a bladder, has, or has not, acquired more morſture than 


our common air in the dampeſt weather. As to the pre- 


cipitation of water in the air we breathe, perhaps it is 
_ _notalwaysa mark of that air's being overloaded. In the 
region of the clouds, indeed, the air muſt be overload- 


ed if it lets fall its water in drops, which we call rain; 


but thoſe drops may fall through a dryer air near the 
earth ; and accordingly we find that the hygroſcope ſome- 


times ſhews a leſs degree of moiſture, during a ſhower, 
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than at other times when it does not rain at all. The 


dewy dampnefs that ſettles on the inſides of our walls and 
wainſcots, ſeems more certainly to denote an air overload- 


ed with moiſture ; and yet this is no ſure ſign: For, af- 


ter a long continued cold ſeaſon, if the air grows fud- 
denly warm, the walls, &c. continuing longer their cold- 
neſs, will, for ſome time, condenſe the moiſture of ſuch 
air, till they grow equally warm, and then they condenſe 
no more, though the air is not become dryer. And, on 


the other hand, after a warm ſpell, if the air grows cold, 
though moiſter than before, the dew is not ſo apt to ga- 


ther on the walls. A tankard of cold water will, in a 
hot and dry ſummer's day, collect a dew on its outſide ; 


a tankard of hot water will collect none in the moiſteſt 
weather. 

6thly. It is, I think, a miſtake that the trade-winds 
blow only in the afternoon. They blow all day and all 
night, and all the year round, except in ſome particular 
places. The ſoutherly ſea-breezes on your coaſts, indeed, 
blow chiefly in the afternoon, In the very long run, 
from the Weſt fide of America, to Guam, among the 
Phillippine Iſlands, ſhips ſeldom have occaſion to hand 
their fails, ſo equal and ſteady is the gale, and yet they 
make it in about 60 days, which could not be, if the 
wind blew only in the afternoon. 

7thly. That really is, which the Gentleman jultiy 
n. ought to be on my hypotheſis. Tn failing 


Be South- 


1 
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Southward, when you firſt enter the trade-wind, you 


find it North-Eaſt, or thereabouts, and it gradually grows 


more Eaſt as you approach the line. The ſame obſerva- 


tion is made of its changing from South-Eaſt to Eaſt gra- 
dually, as you come from the Southern latitudes to the 
Equator. 


Read at the « Royal 
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Oęſervations on the ME TEOROLOGICAI. Papzx; 
Sent 2 a Gentleman in New-York, 20 B. F. 


WHAT power by which the air 


expands itſelf, you attribute to a 
mutual repelling power in the 


Society, N 
5756. 


particles which compoſe the air, by which they are ſepa- 


rated from each other with ſome degree of force : Now 
this force, on this ſuppoſition, muſt not only a& when 
the particles are in mutual contact, but likewiſe when 
they are at fome diſtance from each other. How can 
two bodies, whether they be great or ſmall, act at any 
diſtance, whether that diſtance. be ſmall or great, without 


ſomething intermediate on which they act? For if any 


body act on another, at any diſtance from it, however 


ſmall that diſtance be, without ſome medium to conti- 
nue the action, it muſt act Where it is not, which to me 


— abſurd. 
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It ſeems to me, for the ſame reaſon, equally abſurd to 
give a mutual attractive power between any other parti- 
eles ſuppoſed to be at a diſtance from each other, with- 
out any thing intermediate to continue their mutual ac- 
tion. ] can neither attract nor repel any thing at 2 dif- 
tance, without ſomething between my hand and that 
thing, like a ſtring, or a ſtick; nor can T conceive any 
mutual action without ſome middle thing, when the ac- 


tion is continued to ſome diſtance. 


The encreaſe of the ſurface of any body leſſens its 
weight, both in air, and water, or any other fluid, as ap- 
pears by the ſlow deſcent of leaf-gold in the air. 

The obſervation of the different denſity of the upper 
and lower air, from heat and cold, is good, and I do 
not remember it is taken notice of by others; the conſe- 
quences alſo are well drawn; but as to winds, they ſeem 
principally to ariſe from ſome other cauſe, Winds gene- 
rally blow from ſome large tracts of land, and from moun- 
tains. Where I live, on the North ſide of the mountains, 
we frequently have a ſtrong Southerly wind,- when they 


have as ſtrong a Northerly wind, or calm, on the other 


ſide of theſe mountains. The continual paſſing of veſſels 
on Hudſon's River, through theſe mountains, give fre- 
quent opportunities of obferving this. 

In the ſpring of the year the ſea-wind-(by a piercing 


cold) is always more uneaſy to me, accuſtomed to winds 


which pals over a tract of land, than the North-Weſt 
wind. 


Lou 
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You have receive:l the common notion of water-ſponts, 
which, from my own ocular obſervation, I am perſuaded 
is a falſe conception. In a voyage to the We/?-Indies T 
had an opportunity of obſerving many water- ſpouts. One 
of them paſſed nearer than thirty or forty yards to the 
veſſel I was in, which I viewed with a good deal of at- 
- tention ; and though it be now forty years ſince I ſaw it, 
it made ſa ſtrong an impreſſion on me, that I very diſ- 
tinctly remember ir. Theſe water-ſpouts were in the 
calm latitudes, that is, between the trade and the variable 
winds, in the month of July. That ſpout which paſſed 
ſo near us, was an inverted cone, with the tip or apex to- 
wards the ſea, and reached within about eight feet of the 
ſurface of the ſea, its baſis in a large black cloud. We 
were entirely becalmed. It paſſed flowly by the veſſel. 
I could plainly obſerve that a violent ſtream of wind iſ- 
ſued from the ſpout, which made a hollow of about ſix 
feet diameter in the ſurface of the water, and raiſed the 
water in a circular uneven ring round the hollow, in the 
ſame manner that a ſtrong blaſt from a pair of bellows 
would do when the pipe is placed perpendicular to the 
ſurface of the water; and we plainly heard the ſame hiſ- 
ſing noiſe which ſuch a blaſt of wind muſt produce on 
the water. I am very ſure there was nothing like the 
ſucking of water from the ſea into the ſpout, unleſs the 
ſpray which was raiſed in a ring to a ſmall height, could 
be miſtaken for a railing of water. I could plainly diſtin- 
guiſh a diſtance of about eight feet between the Tea and 

| | the 
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4 tip of the cone, in which nothing interrupted the 
9 Gpht, "db muſt have been, had the water been raiſed 
- from the ſea. 


. In the fame voyage I ſaw ſeveral other . at a 
ö greater diſtance, but none of them whoſe tip of the cone 
5 came ſo near the ſurface of the water. In ſome of them 
j the axis of the cone was conſiderably inclined from the 


3 perpendicular, but in none of them was there the leaft 
E | appearance of ſucking up of water. Others of them 
1 | were bent or arched. TI believe that a ſtream of wind iſ- 
14 ſiued from all of them, and it is from this ſtream of wind 
| that veſſels are often overſet, or founder at ſea ſuddenly. 
I have heard of veſſels being overſet when it was perfe&- 
ly calm, the inſtant before the ſtream of wind ſtruck 
them, and immediately after they were overſet ; which | 
could not otherwiſe be but by ſuch a ſtream or wind from | 7 
a cloud. 1 EY - 

That wind is generated in clouds wil not admit of a I 
diſpute. Now if ſuch wind be generated within the bo- * 
dy of the cloud, and iſſue in one particular place, while 
it finds no paſſage in the other parts of the cloud, I think 
it may not be difficult to account for all the appearances 


1 in water-ſpouts; and from hence the reaſon of breaking 
E thoſe ſpouts, by firing a cannon-ball through them, as 


thereby a horizontal vent is given to the wind. When' 
the wind is ſpent, which dilated the cloud, or the fer- 
mentation ceaſes, which generates the air and wind, the 


+; deſcend in a Tee ate fall of water or rain. 
A re- 
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A remarkable inteſtine motion, like a violent fermentati- * 
on, is very obſervable in the cloud from whence the ſpout f 
iſſues. No ſalt water, I am perſuaded, was ever obſerved 


to fall from the clouds, which muſt certainly have hap- nd 1 
pened if ſea-water had been raiſed by a 1 228 


Answes to the foregoing Obſervations; hs B. F. =» 
Read at the Royal Agr 5 with you, that it ſeems abſurd 


Society, Nov. to ſuppoſe that a body can act where it 
_ is not, I have no idea of bodies at a [3 
diſtance attracting or repelling one another without the 
aſſiſtance of ſome medium, though I know not what that 
medium is, or how it operates. When I ſpeak of at- | 
traction or repulſion, I make uſe of thoſe words for want 5 
of others more proper, and intend only to expreſs efeds | 
which I ſee, and not cauſes of which I am ignorant. When 
I preſs a blown bladder between my knees, I find I can- 
not bring its ſides together, but my knees feel a ſpringy 
matter, puſhing them back to a greater diſtance, or repel- 
ling them. I conclude that the air it contains is the 
cauſe. And when TI operate on the air, and find I cannot 
by preſſure force its particles into contact, but they ſtill - 
| ſpring back againſt the preſſure, I conceive there muſt be 
ſome medium between its particles that prevents their 
cloſing, though I cannot tell what it is.— And ff I were 
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acquainted with that medium, and found its particles to 


approach and recede from each other, according to the 


preſſure they ſuffered, I ſhould imagine there muſt be 
ſome finer medium between them, by which theſe opera- 
tions were performed. 

I allow that increaſe of the ſurface of a body may oc- 


caſion it to deſcend ſlower in air, water, or any other 
fluid; but do not conceive, therefore, that it leſſens its 


weight. Where the increaſed ſurface is ſo diſpoſed as 
that in its falling a greater quantity of the fluid it ſinks 
in muſt be moved out of its way, a greater time is re- 


| quired for ſuch removal. Four ſquare feet of ſheet lead 
ſinking in water broadways, cannot deſcend near fo faſt: 


as it would edgeways, yet its weight in the hydroſtatic 
ballance would, I imagine, be the ſame, whether — 
ed by the middle or by the corner. 


J make no doubt but that ridges of high mountains do 


often interrupt, ſtop, reverberate, or turn the winds that 
blow againſt them, according to the different degrees of 
ſtrength of the winds, and the angles of incidence. I ſup- 
poſe, too, that the cold upper parts of mountains may 
condenſe the warmer air that comes near them, and fo 
by making it ſpecifically heavier, cauſe it to deſcend on 
one or both ſides of the ridge into the warmer valleys, 
which will ſeem a wind blowing from the mountain. 
Damp winds, though not colder by the thermometer, 
give a more uneaſy ſenſation of cold than dry ones; be- 
cauſe (to ſpeak like an Electrician) they conduct better; 
| M m that 
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that is, are better fitted to convey away the heat from our 
bodies. The body cannot feel 4w77hout itſelf; our ſenſation 
of cold is not in the air without the body, but in thoſe 


parts of the body which have been deprived of their 


heat by the air. My deſk, and its lock, are, I ſuppole,. 


of the ſame temperament when they have been long ex- 


| poſed to the ſame air; but now if I lay my hand on the 


wood, it does not ſeem ſo cold to me as the lock; be- 
cauſe (as J imagine) wood is not ſo good a conductor, to 


receive ind convey away the heat from my ſkin, and the 


adjacent fteſh, as metal is. Take a piece of wood, of the 


ſize: and ſhape of a dollar, between the thumb and finger 
of one hand, and a dollar, in like manner, with the other 
hand ;' place the edges of both, at the ſame time, in the 
flame of a candle; and though the edge of the wooden 


piece takes flame, and the metal piece does not, yet you 


will be obliged to drop the latter before the former, it 
conducting the heat more ſuddenly to your fingers. Thus 


we can, without pain, handle glaſs and china cups filled 
with hot liquors, as tea, &c. but not filver ones. A filver 


tea-pot muſt have a wooden handle. Perhaps it is for 


the ſame reaſon that woollen garments keep the body 
warmer than linnen ones equally thick ; woollen keep- 


ing the natural Denk it in, or, in other words, not conducting 


it out to air. ; 
In regard to water-ſpouts, kink in a long letter to a 


Gentleman of the ſame ſentiment with you as to their 


mi ih faid all that, I have to ſay in ſupport of my o- 
pinion ; 
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pinion I need not repeat the arguments therein contain- 
ed, as J intend to ſend you a copy of it by ſome other 
opportunity, for your peruſal, I imagine you will find 
all the appearances you ſaw, accounted for by my hypo- 


theſis. I thank you for communicating the account of 


them. At preſent I would only ſay, that the opinion of 


winds being generated in clouds by fermentation, . is new 
to me, and I am unacquainted with the facts on which it 


is founded. I likewiſe find it difficult to conceive of winds 
confined in the body of clouds, which I imagine have 


little more ſolidity than the fogs on the earth's ſurface. 


The objection from the freſhneſs of rain-water is a ſtrong 


one, but I think I have anſwered it in the letter above- 
mentioned, to which I muſt beg leave, at preſent, to 


refer you. 


Mal. LET- 
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EET TER XXII. 


F R OM 
BENI. FRANKLIN, E/q; of Philadelphia. 
6. Eſq; at MWNew-York.. 


S TR, Philadelphia, FRE 23, 17 72. 
Read at the Royal N conſidering your favour of the 16th 
2 — 8 | | paſt, I recollected my having wrote 
you anſwers to ſome queries concern- 
ing the difference between electrics per ſe, and non- e- 
lectrics, and the effects of air in electrical experiments, 
which, I apprehend, you may not have received. The 
date I have forgot. 
We have been uſed to call thoſe bodies electrics per ſe, 
which would not conduct the electric fluid: We once i- 
magined that only ſuch bodies contained that fluid; af- 
terwards that they had none of it, and only educ'd it from 
other bodies: But further experiments ſhewed our miſtakes. 
It is to be found in all matter we know of; and the diſ- 
tinctions of electrics per ſe, and non- electrics, ſhould now 
be dropt as improper, and that of condudors and non- con- 
ducrors aſſumed in its place, as I mentioned in thoſe anſwers. 


ENNIO ITY Vo 82 Tor R * 2 y I . OE 
1 * Id; x5 . 8 A reg hn £1 
7 ccc 
e 2 e 
* ** * G . * 


FFT o thts who 
E EDT Ne 


I do 


WWW 
5 TTW 
- 5 . heed 3 
b 


e 9 
F 


> 
au 


3 
2" 
x 
W259 
5 
7 
2 


7 
25 
Ig 
2 
=D 
Wo 
54 
&; 
+ 
£5 


45 
2 
* 
9 
5 
4 . 8 
2 
a”. 
18 
Fo” 
9 
BE 
» KS 
5 
"x2. 
35 
, 78: 
0 _ 
9; 
7 5 
7 3 
741 
4 78 
3 
e 
2 Se 
* 43 
ns 7 
2” 5 
* 
* 2885 
% 


ARC eg ot Ee 
50 


, 
N 
5 
5 
7255 
£55513 
VET 
2 
255 
Tl 
27 
344 
8 
3374 
* 
2 
* 
Dh 


on Philoſophical Subjects, 263 
I do not remember any experiment by which it ap- 
peared that high reCtified ſpirit will not conduct ; perhaps 


you have made ſuch, This I know, that wax, roſin, 
brimſtone, and even glaſs, commonly reputed electrics 


per ſe, will, when in a fluid ſtate, conduct pretty well. 


Glaſs will do it when only red hot. So that my former 
poſition, that only metals and water were conductors, and 
other bodies more or leſs ſuch, as they partook of metal 
or moiſture, was too general. 

Your conception of the electric fluid, that it is incom- 
parably more ſubtle than air, is undoubtedly juſt. It per- 
vades denſe matter with the greateſt eaſe ; but it does 


not ſeem to mix or incorporate willingly with meer air, as 


it does with other matter. It will not quit common mat- 
ter to join with air. Air obſtructs, in ſome degree, its 


motion, An electric atmoſphere cannot be communicated 


at ſo great a diſtance, through intervening air, by far, as 


through a vacuum. Who knows then, but there may be, 


as the Antients thought, a region of this fire above our 


atmoſphere, prevented: by our air, and its own too great 


diſtance for attraction, from joining our earth? Perhaps 
where the atmoſphere is rareſt, this fluid may be denſeſt, 
and nearer the earth where the atmoſphere grows denſer, 
this fluid may be rarer; yet ſome of it be low enough to 
attach itſelf to our higheſt clouds, and thence they be- 
coming electrified, may be attracted by, and deſcend to- 
wards the earth, and diſcharge their watry contents, to- 


gether with that etherial fire, Perhaps the Aurore Bore- 
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ales are currents of this fluid in its own region, above our. 


atmoſphere, becoming from their motion viſible. There 


is no end to conjectures. As yet we are but novices in 
this branch of natural knowledge. 


You mention ſeveral differences of falts in electrical ex- 


periments? Were they all equally dry ? Salt is apt to 
acquire moiſture from a moiſt air, and ſome ſorts more 


than others. When perfectly dried by lying before a 


fire, or on a ſtove, none that J have tried will. conduct any 
better than ſo much glaſs. 

New flannel, if dry and warm, will draw the ts 
fluid from non- electrics, as well as that which has been 
worn. YO | 

I wiſh you had the convenience of trying the experi- 


ments you ſeem to have ſuch expectations from, upon va- | 


rious kinds of ſpirits, ſalts, earth, &c. Frequently, ina 


variety of experiments, though we miſs what we expected 


to find, yet ſomething valuable turns out, ſomething ſur- 


priſing, and inſtructing, though enchought of. 


I thank you for communicating the illuſtration. of the 


theorem concerning light, It is very curious. But I muſt. 


own I am much in the dark about ligbt. I am not ſa- 
tisfied with the doctrine that ſuppoſes particles of matter 


called light, continually driven off from the ſun's ſurface, 


with a ſwiftneſs ſo prodigious! Muſt not the ſmalleſt 
particle : conceivable, have with ſuch a motion, a force 
exceeding that of a twenty-four pounder, diſcharged 
from a cannon? Moſt not the ſun diminiſh exceedingly 


by 
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by ſuch a waſte of matter; and the planets, inſtead of draw- 


ing nearer to him, as ſome have feared, recede to greater 
diſtances through the leſſened attraction. Vet theſe par- 


ticles, with this amazing motion, will not drive before 


them, or remove, the leaſt and lighteſt duſt they meet 
with : And the ſun, for aught we know, continues of his 


antient dimenſions, and his attendants move in their anti- 


ent orbits. 


May not all the phænomena of light be more conve- 
niently ſolved, by ſuppoſing univerſal ſpace filled with a. 


ſubtle elaſtic fluid, which, when at reſt, is not viſible, but 


whoſe vibrations affect that fine ſenſe in the eye, as thoſe 
of air do the groſſer organs of the ear? We do not, in 
the caſe of ſound, imagine that any ſonorous particles are 


thrown off from a bell, for inſtance, and fly in trait 


lines to the ear; why muſt we believe that luminous par- 
ticles leave the ſun and proceed to the eye? Some dia- 


monds, if rubbed, ſhine in the dark, without lofing any 


part of their matter. I can make an electrical ſpark as 
big as the flame of a candle, much brighter, and, there- 
fore, viſible further; yet this is without fuel; and, I am. 
perſuaded, no part of the electric fluid flies off in ſuch. 
caſe, to diſtant places, but all goes directly, and is to be 


found in the place to which I deſtine it. May not dif- 
ferent degrees of the vibration of the above-mentioned u- 


niverſal medium, occaſion the appearances of different co- 


lours? I think the electric fluid is always the fame; 
vet I find that weaker and ſtronger ſparks differ m appa- 
rent 
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rent colour, ſome white, blue, purple, red; the ſtrongeſt, 
white; weak ones red. Thus different e of vibra- 
tion given to the air, produce the ſeven different ſounds in 
muſic, analagous to the ſeven colours, yet the medium, 
air, is the ſame. 

If the ſun is not waſted wy expence of light, I can 
eaſily conceive that he ſhall otherwiſe always retain the 


ſame quantity of matter ; though we ſhould ſuppoſe him 


made of ſulphur conſtantly flaming. The action of fire 
only ſeparates the particles of matter, it does not annihilate 
them. Water, by heat raiſed in vapour, returns to the 
earth in rain; and if we could collect all the particles of 
burning matter that go off in ſmoak, perhaps they might, 
with the aſhes, weigh as much as the body before it was 
fired : And if we could put them into the ſame poſition 
with regard to each other, the maſs would be the ſame as 
before, and might be burnt over again. The chymiſts 
have analyſed ſulphur, and find it compoſed, in certain 
proportions, of oil, ſalt, and earth; and having, by the a- 
nalyſis, diſcovered thoſe proportions, they can, of thoſe in- 
gredients, make ſulphur. So we have only to ſuppoſe, 
that the parts of the ſun's ſulphur, ſeparated by fire, riſe 
into his atmoſphere, and there being freed from the im- 
mediate action of the fire, they collect into cloudy maſſes, 
and growing, by degrees, too heavy to be longer ſupported, 
they deſcend to the ſun, and are burnt over again. Hence 
the ſpots appearing on his _—_ which are obſerved to di- 
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miniſh daily in ſize, their conſuming edges being of N 
cular brightneſs. | | 

It is well we are not, as poor Galile was, ſubject to 

the Inquiſition for Philoſophical Hereſy. My whiſpers a- 
gainſt the orthodox doctrine, in private letters, would be 
dangerous; but your writing and printing would be high- - i 

ly criminal. As it is, you Jun expect ſome cenſure, but 

5 one Heretic will ſurely excuſe another. | 

7 I am heartily glad to hear more inſtances of the ſacral 

= of the Poke-Weed, in the cure of that horrible evil to the 

4 human body, a Cancer. You will deſerve highly of man- 

NF kind for the communication. But I find in Boffon they 

Y are at a loſs to know the right plant, ſome aſſerting it is 

| | What they call Mechoachan, others other things. In one 
of their late papers it is publickly requeſted that a perfect 
deſcription may be given of the plant, its places of growth, 

Sc. I have miflaid the paper, or would ſend it to you = 
I * you had deſcribed it pretty fully. | . 4 
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Extracts from DA MP IER's V. oyages, rela- 


ting lo WATER-SPOUTS, 


Spout is a ſmall ragged piece, or 


; c 
Read at the Royal © 
part of a cloud, hanging down 


Society, Dec. 16, 
1356. 


blackeſt part thereof. Commonly it hangs down ſloping 
from thence, or ſometimes appearing with a ſmall bend- 


ing, or elbow, in the middle, I never ſaw any hang per- 


pendicularly down. It is ſmall at the lower end, ſeeming 
no bigger than one's arm, but ſtill fuller towards the cloud 
from whence it proceeds. 


When the ſurface of the ſea begins to work, you ſhall 
ſee the water for about one hundred paces in circumference 


foam and move geatly round, till the whirling motion in- 


creaſes; and then it flies upward in a pillar, about one 
hundred paces in compaſs at the bottom, but gradually leſ- 


ſening upwards, to the ſmallneſs of the ſpout itſelfs 


through which the riſing ſea-water ſeems to be conveyed 
into the clouds. This viſibly appears by the clouds in- 
creaſing in bulk and blackneſs. Then you ſhall preſently 
ſee the cloud drive along, though before it ſeemed to be 
without any motion. The ſpout alſo keeping the ſame 
courſe with the cloud, and ſtill ſucking up the water as 


it goes along, and they make a wind as they go. Thus it 
| Ls con- 


about a yard Gemingly, from the 
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continues for half an hour, more or leſs, until the ſuck- 
ing is ſpent, and then breaking off, all the water which 
was below the ſpout, or pendulous piece of cloud, falls 
down again into the ſea, making a great noiſe with its 
falling and claſhing motion in the ſea. 

-.. "It very dangerous for a ſhip to be under a ſpout when 
it breaks; therefore we always endeavour to ſhun it, by 
1; keeping at a diſtance, if poſſibly we can. But for want 
:Y of wind to carry us away, we are often in great fear and 
danger, for it is uſually calm when ſpouts are at work, 
except only juſt where they are. Therefore men at ſea, 
when they ſee a ſpout a coming, and know not how to 
avoid it, do ſometimes fire ſhot out of their great guns in- 
to it, to give it air or vent, that fo it may break ; but I 
did never hear that it proved to be of any benefit. 
And now we are on. this ſubje&, I think it not amiſs 
to give you an account of an accident that happened to a 1 
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E | ſhip once on the coaſt of Guinea, ſome time in or about 5 
=. the year 1674. One Capt. Records of London, bound for | f 


the coaſt of Guinea, in a ſhip of three hundred tons, and 
ſixteen guns, called the Bling, when. he came into la- 
: titude ſeven or eight degrees North, he ſaw ſeveral | pouts, 
= done of which came directly towards the ſhip, and he 
having no wind to get out of the way of the ſpout, made | by 
ready to receive it by furling the fails. It came on very A 
ſwift, and broke a little before it reached the ſhip, mak- 
ing a great noiſe, and raiſing the ſea round it, as if a great 
houſe, or ſome ſuch thing, had been caſt into the ſea. 
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The fury of the wind ſtill laſted, and took the ſhip on the 
ſtar- board-bow with ſuch violence, that it ſnapt off the 
boltſprit and foremaſt both at once, and blew the ſhip all 
along, ready to overſet it ; but the ſhip did preſently right 
again, and the wind whirling round, took the ſhip a ſe- 
cond time with the like fury as before, but on the contra- 


ry ſide, and was again like to overſet her the other way : 


The mizen- maſt felt the fury of this ſecond blaſt, and was 


ſnapt ſhort off, as the foremaſt and boltſprit had been 
before. The main- maſt and main-top-maſt received no 


damage, for the fury of the wind (which was preſently 


over) did not reach them. Three men were in the fore - 
top when the foremaſt broke, and one on the boltſprit, 
and fell with them into the ſea, but all of them were ſa- 
ved. I had this relation from Mr John Canby, who was 


then quarter-maſter and ſteward of her ; one Abrabam 
Wiſe was chief-mate, and Leonard Jeſferies ſecond-mate. 


We are uſually much afraid of them, yet this was the 
only damage that I ever heard done by them. They ſeem 
terrible enough, the rather becauſe they come upon you 


while you lie becalmed, like a log in the ſea, and cannot 


get out of their Way. But though I have ſeen and been 
beſet by them often, yet the fright was always the greateſt 


of the harm. Dampier, Vol. I. page 451. 
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on Philoſophical Subjects. 


An Account if a SrouT on the Coaſt of New- 


Guinea. From the ſame. 


cc E had fair clear weather, and a fine moderate gale 


from South-Eaſt to Eaſt by North; but at day- 


break the clouds began to fly, and it lightened very much 
in the Eaſt North-Eaſt, At ſun riſing the ſky looked 


very red in the Eaſt near the horizon; and there were 


many black clouds both to the South and North of it. A- 


bout a quarter of an hour after the ſun was up, there was 


a ſquall to the windward of us, when, on a ſudden, one 


of our men on the fore-caſtle, called out that he faw 
ſomething a-ſtern, but could not tell what. I looked out 
for it, and immediately ſaw a ſpout beginning to work 


within a quarter of a mile of us, exactly in the wind: 
We preſently put right before it. It came very ſwiftly, 
whirling the water up in a pillar, about fix or ſeven yards 


high. As yet I could not ſee any pendulous cloud from 


whence it might come; and was in hopes it would ſoon 


loſe its force. In four or five minutes time it came with- 


in a cable's length of us, and paſſed away to leeward ; 


and then I aw a long pale ſtream coming down to the 


whirling water. This ſtream was about the bigneſs of 
a rainbow. The upper end ſeemed _— high, not de- 
ſcent 
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ſcending from any dark cloud, and, therefore, the more 


ſtrange to me, I never having ſeen the like before. It 


paſt about a mile to the leeward of us, and then broke. 
This was but a ſmall ſpout, and not ſtrong nor *laſting ; yet 
I perceived much wind in it as it paſſed by us. Vol. III. 
m_— 3. 


Account of another SrvouT. From the ſame. 


1 8 E ſaw a ſpout but a ſmall diſtance from us ; 
it fell down out of a black cloud that 


yielded great ſtore of rain, thunder, and lightning. This 


cloud hovered to the Southward of us for the ſpace of 
three hours, and then drew to the Weſtward a great pace, 
at which time it was that we ſaw the ſpout, which hung 
faſt to the cloud till it broke, and then the cloud whirled 
about to the South-Eaſt, then to the North-Eaſt, where 
meeting with an iſland, it ſpent itſelf, and ſo diſperſed ; 


and immediately we had a little of the tail of it, having 


had none before.” Vol. III. page 182. 


Probably if it had been laſting, a cloud would have been formed a- 
bove it. Theſe extracts from Dampier, ſeem, in different inſtances, to 
favour both opinions, and, therefore, are inſerted entire, for the Reader's 
conſideration. | 


” TT . Extract 
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| Extract of a Letter from J. B. E/q; in Boſton, 


10 B. F. concerning the Light in Sea-Water. 


November 12, 1753. 

HEN I was at the Eaſtward, I 
had an opportunity of obſerving 
the luminous appearance of the 
ſea when diſturbed : At the head and ſtern of the veſſel, 
when under way, it appeared very bright. The beſt op- 
portunity I had to obſerve it, was in a boat, in company 
with ſeveral Gentlemen going from Portſmouth, about 
three miles, to our veſſel lying at the mouth of Piſcata- 
qua River. Soon after we ſet off (it being in the even- 


Read at the Royal 
Society, Dec. 
16, 1756. 


ing) we obſerved a luminous appearance, where the oars 


daſhed the water. Sometimes it was very bright, and af- 
terwards as we rowed along, gradually leſſened, till almoſt 


imperceptible, and then re- illumined. This we took no- 


tice of ſeveral times in the paſſage, When I got on board 


the veſſel, I ordered a pail to be dipped up, full of ſea- 


water, in which, on the water's being moved, a ſparkling 


light appeared. I took a linnen cloth, and ſtrained ſome 
of the water through it, and there was a like appearance 


on the cloth, W ſoon went off; but on rubbing the 
cloth 
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cloth with my finger, it was renewed. I then carried the 


cloth to the light, but could not perceive any thing upon. 


it which ſhould cauſe that appearance, 


Several Gentlemen were of opinion, that enced 
particles of putrid, animal, and other bodies, floating on 
the ſurface of the ſea, might cauſe that appearance ; for 


putrid fiſh, &c. they ſaid, will cauſe it : And the ſea-ani- 


mals which have died, and other bodies putrified therein 


fince the creation, might afford a ſufficient quantity of 
| theſe particles to cover a conſiderable portion of the ſur- 
face of the ſea ; which particles being differently diſperſed, 


might account for the different degrees of light in the ap- 
pearance above-mentioned, But this account ſeems liable 
to this obvious objection, That as putrid fiſh, &c. make a 
luminous appearance without being moved or diſturbed, 


it might be expected that the ſuppoſed putrid particles 


on the ſurface of the ſea, ſhould always appear luminous, 
where there is not a greater light ; and, conſequently, that 
the whole ſurface of the ſea, covered with thoſe particles, 


| ſhould always, in dark nights, appear luminous, without 


being diſturbed. But this is not fact. 
Among the reſt, I threw out my conjecture, That the 
faid appearance might be cauſed by a great number of 


little animals, floating on the ſurface of the ſea, which, on 


being diſturbed, might, by expanding their finns, or other- 
wiſe moving themſelves, expoſe ſuch a part of their bo- 


dies as exhibits a luminous appearance, ſomewhat in the 


Manner of a _— or fire-fly : That theſe animals 


may 
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may be more numerous in ſome places than others; and, 
therefore, that the appe earance above-mentioned being 


fainter and ſtronger in different places, might be owing to 


that: That certain circumſtances of weather, Sc. might 


invite them to the ſurfice, on which, in a calm, they 


might ſport themſelves and glow ; or in ſtorms, * for- 


ced up, make the ſame appearance. 
There is no difficulty in conceiving that the * may be 


flocked with animalcula for this purpoſe, as we find all 


Nature crowded with life. But it feems difficult to con- 
ceive that ſuch ſinall portions of matter, even if they were 
' wholly luminous, ſhould affect our fight ; much more ſo, 
when it is ſuppoſed that only a part of them is luminous. 
But, if we conſider ſome other appearances, we may find 
the ſame difficulty to conceive of them ; and yet we know 
they take place. For inſtance, the flame of a candle, 


which, it is ſaid, may be ſeen four miles round. The 
light which fills this circle of eight miles diameter, was 


contained when it firſt left the candle within a circle of 
half an inch diameter. If the denſity of light,. in theſe 
circumſtances, be as thoſe circles to each other, that is, 
as the ſquares of their diameters, the candle-light, when 
come to the eye, will be 1027709337600 times rarer 
than when it quitted the half inch circle. Now the. aper- 
ture of the eye, through which the light paſſes, does not 


exceed one-tenth of an inch diameter, and the d 


of the leſſer circle, which correſponds to this ſmall por- 


tion of the greater cirele, muſt be proportionably, that 


O o | is, 
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is, 1027709337600 times leſs than one-tenth of an inch; 
and yet this infinitely ſmall point (if you will allow the. 
expreſſion) affords light enough to make it viſible four 
miles; or, rather, affords light ſufficient to acct the fight 
at that diſtance. | 

The ſmallneſs of the animalcula is no ein then to 
this conjecture; for ſuppoſing them to be ten thouſand 
times leſs than the minimum vi/ibile, they may, notwith- 
ſtanding, emit light enough to affect the eyes, and fo to. 
cauſe the luminous appearance aforeſaid, This conjecture 
I ſend you for want of ſomething better, 


Farther ReMancs U a Gentleman of N ew-York. 5 


* 


April 2, 1754. 


Read at the Royal- 
Society, Dec. 16, 


7 2 winds, and other changes which 


very defective chat it does not deſerve the name; neither 
have I received any ſatisfaction from the attempts of others 
on this ſubject. It deſerves then your thoughts, as a ſub- 
ject in which you may diſtinguiſh yourſelf and be uſeful. 


Your notion of ſome things conducting heat or cold 
better than others, pleaſes me, and I wiſh you may purſue 


the ſcent, If T remember right, Dr Beerhaave, in his 


chy- 


Ny knowledge J have of the 


happen in the atmoſphere, is ſo 


— 2 — Ä—— 
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chymiſtry, thinks that heat is propagated by the vibration 


of a ſubtle elaſtic fluid, diſperſed through the atmoſphere 
and through all bodies. Sir Jſaac Newton ſays, there are 


many phznomena to .prove the exiſtence of ſuch a fluid ; 


and this opinion has my aſſent to it. I ſhall only obſerve 


that it is eſſentially different from that which I call zther ; 
for æther, properly ſpeaking, is neither a fluid nor elaſtic; 


its power conſiſts in re- acting any action communicated to 
it, with the ſame force it receives the action. 

I 6long to ſee your explication of water- ſpouts, but I 
muſt tell you before hand, that it will not be eaſy for 
you to convince me that the principal phænomena were 
not occaſioned by a ſtream of wind iſſuing with great 
force, my eyes and ears both concurring to give me this 


ſentiment, I could have no more evidence than to feel the 
effects, which I had no inclination to do. 


It ſurpriſes me a little, that wind, generated by fermen< 


tation, is new to you, fince it may be every day obſerved 


in fermenting liquor. You know with what force fer- 


menting liquors will burſt the veſſels which contain them, 


if the generated wind have not vent ; and with what 


force it iſſues on giving it a ſmall vent, or by drawing the 


cork of a bottle, Dr Boerhaave ſays, that the ſteam iſſu- 


ing from fermenting liquors received through a very ſmall 


vent-hole, into the noſe, will kill as ſuddenly and certain- 


ly as lightning. That air is generated by fermentation, I 


think you will find fully proved in Dr Hales's Analyfis of 
O0 2 the 
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the air, in his Vegetable Statics. If you have not read the: 
book, you have a new pleaſure to come. 

The ſolution you give to the objection I made from the. 
contrary winds blowing from the oppoſite fides of the 
mountains, from their being eddies, does not pleaſe me, 
becauſe the extent of theſe winds is by far too large to be 


occaſioned by an eddy. It is forty miles from New-Z7or 4 
to our mountains, through which Hudſon's River paſſes. 


The river runs twelve miles in the mountains, and from 
the North fide of the mountains it is about ninety miles 
to Albany, I have myſelf been on board a veſſel more 
than once, when we have had a ſtrong Northerly wind 


againſt us, all the way from New-York, for two or three 


days. We have met veſſels from Albany, who aſſured us, 
that, on the other ſide of the mountains, they had, at the 
fame time, a ſtrong continued Southerly wind gant 
them; and this frequently happens. 

I have frequently ſeen both, on the river, in places | 
where there could be no eddy-winds, and on the open ſea, 
two veſſels failing with contrary winds, within half a mile 
of each other; but this happens only in eaſy winds, and 
generally calm in other places near theſe winds. 

You have, no doubt, frequently obſerved a ſingle cloud 
paſs, from which a violent guſt of wind iflues, but of no 
great extent. I have obſerved ſuch a guſt make a lane 
through the woods, of ſome miles in length, by laying the 
trees flat to the ground, and not above eight or ten chains 


In breadth, Though the violence of the One: be in the 


ſame | 


Io 
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fame direction in which the cloud moves and precedes it, 
yet wind iſſues from all ſides of it; ſo that ſuppoſing the 
cloud move South-Eaſterly, thoſe on the North-Eaſt fide 
of it feel a South-Weſt wind, and others on the South- 
Weſt fide, a North-Eaſt. And where the cloud paſſes 
over, we frequently have a South-Eaſt wind from the 
hinder part of it, but none violent, except the wind in the 
direction in which the cloud moves. To ſhew what it is 


which prevents the wind from iſſuing out equally on all 
| fides, is not an eaſy problem to me, and I ſhall not at- 


tempt to folve it; but when you ſhall ſhew what it is 
which reſtrains the electrical fluid from ſpreading itſelf in- 
to the air ſurrounding it, when it ruſhes with great vio- 
lence through the air along, or in the conductor, for a 
great extent in length, then I may hope to explain the o- 


ther problem, and remove the difficulty we have in con- 
_ ceiving it. ; 


Pro- 
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Propoſal of an EX YERIM ENT to meaſure the 
time taken up by an Electric Spark, in moving 
through any given Space. By J. A. E; of 

New-York. | 


Read at the Roy- 
al Society Dec. 
ow; 1756, 


F I remember right, the Royal Society 
made one experiment to diſcover. the 


of about four miles in length, ſupported by ſilk, and by 
turning it forwards and backwards in a field, fo that the 
beginning and end of the wire were at only the diſtance 
of two people, the one holding the Leyden bottle and the 
beginning of the wire, and the other holding the end of 
the wire and touching the ring of the bottle; but by this 
experiment no diſcovery was made, except that the veloci- 
ty was extremely quick. | 

As water is a conductor as well as metals, it is to be 
conſidered whether the velocity of the electric fire might 
not be diſcovered by means of water ; whether a river, or 
lake, or ſea, may not be made part of the circuit through 
which the electric fire paſſes? inſtead of the Circuit all of 
wire, as in the above experiment. 

Whether in a river, lake, or ſea, the electric fire will 
not diſſipate and not return to the bottle? or, will it pro- 
ceed in ſtrait lines through the water the ſhorteſt courſes 
poſſible back to the bottle. 

If the laſt, then ſuppoſe one brook that falls into Dela- 


ware doth head very near to a brook that falls into Schul- 


kill, 


velocity of the electric fire, by a wire 


< P .w2 . 517-24 TROL PW: PTT 
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ill, and let a wire be ſtretched and ſupported as before, 
from the head of the one brook to the head of the other, 
and let the one end communicate with the water, and let 
one perſon ſtand in the other brook, holding the Leyden 


bottle, and let another perſon hold that end of the wire 
not in the water, and touch the ring of the bottle. —If the 


electric fire will go as in the laſt queſtion, then will it go 


down the one brook to Delaware or Schuylkill, and down 
one of them to their meeting, and up the other and the o- 


ther brook ; the time of its doing this may poſſibly be ob- 
ſervable, and the further upwards the brooks are choſen, the 


more obſervable it would be. 


Should this be not obſervable, then ſappols the two 
brooks falling into Saſuehana and Delaware, and proceed- 


ing as before, the electric fire may, by that means, make a 
circuit round the North Cape of Virginia, and go many 


hundreds of miles, and in doing that, it would ſeem it muſt 


take ſome obſervable time. | . 
If ſtill no obſervable time is found in that experiment, 


then ſuppoſe the brooks falling the one into the Ohio, and 


the other into Saſquebana, or Potomach, in that the electric 
fire would have a circuit of ſome thouſands of miles to go 


down Ohio to Miſſiſippi, to the Bay of Mexico, round Flori- 
da, and round the South Cape of Virginia; which, Ithink, 


would give ſome obſervable time, and diſcover exactly the 
velocity. 


But if the electric fire diſſipates, or weakens in the water, 


as I fear it does, theſe experiments will not anſwer. 
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Anſwer to the foregoing ; by B. F. 


Read at the Royal- 
1 Nee: be both ends, and containing a movea- 


ble wire of juſt the ſame length, 


that fills its bore, If I attempt to introduce the end of 
another wire into the ſame tube, it muſt be done by puſh- 


ing forward the wire it already contains ; and the inſtant I 
preſs and move one end of that wire, the other end is alſo 
moved; and in introducing one inch of the ſame wire, I 
extrude, at the ſame time, an inch of the firſt, from the 
other end of the tube. 

If the tube be filled with water, and I inject an additio- 


nal inch of water at one end, I force out an equal quanta | 


at the other, in the very ſame inſtant. 


And the water forced out at one end of the tube is not 


the very ſame water that was forced in at the other end 
at the ſame time, it was only in motion at the ſame time. 


The long wire made uſe of in the experiment to diſco- 


ver the velocity of the electric fluid, is itſelf filled with 


what we call its natural quantity of that fluid, before the 
hook of the Leyden bottle is applied to-one end of it. 
The outſide of the bottle being at the time of ſuch ap- 


5 plication b in contact with the other end of the wire ; the 


whole 


Uppoſe a tube of any length open at 


Us IT NY RN TT.... ³·-üm·¹wA·ͤͤ⁊ ᷣͤ : 
FCC 


R 
N 3 LE A 5 


4 
N 
* 

FJ 
33 
* 
** 

Boy 

35 
* 

$4 # 


: , ” p . 9 28 WG 
3 R 8 £ Rauen W P/ / LE or do dt ENSA 
SR ER 4 . F Og S DE AS 
222 I a ORR HE SO Wan To. AN 5 
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whole quantity of electric fluid contained in the wire is, 
nt put in motion at once. 

For at the inſtant the hook, connected with the inſide - 
of the bottle, gives cut; the coating, or outſide of the bot- 
tle,-draws in a portion of that fluid. 

If ſuch long wire contains precifely the quantity that 


the outfide of the bottle demands, the whole will move 


out of the wire to the outſide of the bottle, and the over 
quantity which the inſide of the bottle contained, being 
exactly equal, will flow into the wire, and remain there, 


in the place of the quantity the wire had Juſt parted with 


to the outſide of the bottle. 

But if the wire be fo long as that one-tenth appoſe) 
of its natural quantity is ſufficient to ſupply what the out- 
fide of the bottle demands, in ſuch caſe the outſide will 


only receive what is contained in one-tenth of the wire's 


length, from the end next to it; though the whole will 


move ſoas to make room at the other end for an equal quan- 
tity iſſuing, at the ſame time, from the inſide of the bottle. 


So that this experiment only ſhews the extream faci- 
lity with which the electric fluid moves in metal; it can 
never determine the velocity. | 

And, therefore, the propoſed experiment (though well 
imagined, and very ingenious) of ſending the ſpark round 
through a vaſt length of ſpace, by the waters of Suſquehan- 
nah, or Potowomack, and Ohio, would not afford the ſatis- 


faction deſired, though we could be ſure that the motion 


of the electric fluid would be in that tract, and not under 
ground in the wet earth by the ſhorteſt way. 
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As + HE of the new-invented Penſylvanian 


Fizz-PLacts ; M herein their Conſtruftion and 


Manner of Operation is particularly explained ; 

their Advantages above every other Method of 

warming Rooms demonſtrated ; and all Objec- 
tions that have been raiſed againſt the Uſe of 


them, anſwered and obviated. With Directi- 


ons for putting them up, and for uſing them 
to the beſt Advantage. And a Copper-Plate, 
in which the ſeveral Parts of the Machine are 


exattly laid down, from a Scale of equal Parts. 
By B. F. fir ſt Printed at Philadelphia ia 1745. 


to ſit by, generally ſeven months in the year; that i 18,. 
from the beginning of O&vber, to the end of April; 
and, in ſome winters, near eight months, by . in part 
of September and May. 

Wood, our common fuel, which within theſe hundred 
years might be had at every man's door, muſt now be 
fetched near one hundred miles to ſome towns, and makes 
a very conſiderable artiele in the expence of families. 

As therefore ſo much of the comfort and conveniency 
of our lives, for ſo great a part of the year, depends on 


the article of fire ; ſince fuel is become ſo expenſive, and 
(as the country is more cleared and ſettled). will of courſe. 


grow ſcarcer and dearer, ny new propoſal for ſaving the 


wead,, : 


N theſe Northern Colonies the inhabitants keep fires | 


I 


2 
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wood, and for leflening the charge, and avgmenting the 

benefit of fire, by ſome particular method of making and 

managing it, may at leaſt be thought worth conſideration. 
The new Fire-PLAcEs are a late invention to that pur- 


poſe, of which this paper is intended to give a particular 
account. 


That the reader may the better TIE whether this me» 


thod of managing fire has any advantage over thoſe here- 


tofore in uſe, it may be proper to conſider both the old 
and new methods ſeparately and Particularly, and after- 
wards make the compariſon. 

In order to this, tis neceſſary to underſtand _ ſome 
few of the properties of air and fire, v/z. 

1. Air is rarified by. Heat, and condens'd by cold; 7. e 
the ſame quantity of air takes up more ſpace when ** 
than when cold. This may be ſhown by ſeveral very 
eaſy experiments. Take any clear glaſs bottle (a Florence 
flaſk ſtript of the ſtraw is beſt) place it before the fire, and 
as the air within is warmed and rarified, part of it will be 


driven out of the bottle; turn it up, place its mouth in a 


veſſel of water, and remove it from the fire; then, as the 
air within cools and contracts, you will ſee the water riſe 
in the neck of the bottle, ſupplying the place of juſt ſo 
much air as was driven out. Hold a large hot coal near 
the fide of the bottle, and as the air within feels the heat, 
it will again diſtend and force out the water. — Or, fill 
a bladder half full of air, tie the neck tight, and lay it be- 
fore a fire as near as may be without ſcorching the blad- 

1 : der ; 
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der; as the air within heats, you will perceive it to ſwell 
and fill the bladder, till it becomes tight, as if full blown : 
Remove it to a cool place, and you will fee it fall gradu- 
ally, till it becomes as lank as at firſt. a 

2. Air rarified and diſtended by heat, is * ſpecifically 
lighter than it was before, and will riſe in other air of greater 
denſity. As wood, oil, or any other matter ſpecifically 
lighter than water, if placed at the bottom of a veſſel of 
water, will riſe till it comes to the top; ſo rarified air will 
riſe in common air, till it either comes to air of equal 
weight, or is by cold reduced to its former denſity. 

A fire then being made in any chimney, the air over 
the fire is rarified by the heat, becomes lighter, and there- 
fore immediately riſes in the funnel, and goes out; the 
other air in the room (flowing towards the chimney) ſup- 
plies its place, 1s rarified in its turn, and riſes likewiſe ; 
the place of the air thus carried out of the room, is 4 
plied by freſh air coming in through doors and windows, 
or, if they, be ſhut, through every crevice with violence, as 
may be ſeen by holding a candle to a key- hole: If the 
59 room be ſo tight as that, all the crevices together will not 
ſupply ſo much air as is continually carried off, then, in a 
little time, the current up the funnel muſt flag, and the 
ſmoke Aus no longer inen ag. mult come into the room. 

* Body or Gather 2 any fort, is ſaid to be ſorcificalh heavier-or "light. | 


er than other matter, when it has more n nn or weight in the 
ſame dimenſions. | 


ot} 44 
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1. Fire, (i. e. common fire) throws out light, heat, and 
ſmoke (or fame.) The two firſt move in right lines, and 
with great ſwiſtneſs, the latter is but juſt ſeparated from 
the tucl, and then moves only as it is carried by the ſtream 
of rarißed air: And without a continual acceſſion and re- 
ceſſion of air, to carry off the ſmoaky fumes, they would 
remain crouded about the fire, and ſtifle it. 

2. Heat may be ſeparated from the ſmoke as well as 
from the light, by means of a plate of iron, which will 
ſuffer heat to paſs through it without the others. 

3. Fire ſends out its rays of heat, as well as rays of 
light, equally every way; but the greateſt ſenſible heat is 
over the fire, where there is, beſides the rays of heat ſhot 
upwards, a continual riſing ſtream of hot air, heated by the 
rays ſhot round on every ſide. | 


' Theſe things being underſtood, we proceed to conſider 
the Fire- places heretofore in uſe, v72. | 
1. The large open fire-places uſed in the days of our 
fathers, and ſtill generally in the country, and in kitchens. 
2. The newer-faſhioned fire- places, with low breaſts, 
and narrow hearths. | 

3. Fire-places with hollow backs, hearths and Jams of 
iron, (deſcribed by M. Gauger, in his tract entitled, La 
Mechanique de Feu) for Me the air as it comes into 
the room, 

4. The Holland ſtoves, with i iron doors opening into the 
room, 


Ss The 
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5. The German ſtoves, which have no opening in the 
room where they are uſed, but the fire is put in from ſome 
other room, or from without, 

6. Iron pots, with open charcoal fires, Placed in hs 
middle of a room, 

1. The firſt of theſe methods has 3 the conve- 
- niency of two warm ſeats, one in each corner; but they 
are ſometimes too hot to abide in, and, at other 
times, incommoded with the ſmoke ; there is likewiſe _ 
good room for the cook to move, to hang on pots, &c. 
Their inconveniences are, that they almoſt always ſmoke, 

if the door be not left open; that they require a large 
funnel, and a large funnel carries off a great quantity of 
air, which occaſions what is called a ftrong draft to the 
chimney, without which ſtrong draft, the ſmoke would 
come out of ſome part or other of ſo large an opening, fo 
that the door can ſeldom be ſhut ; and the cold air ſo nips 
the backs and heels of thoſe that fit before the fire, that 
they have no comfort till either ſcreens or ſettles are pro- 
vided (at a conſiderable expence) to keep it off, which botfx 
cumber the room, and darken the fire fide. A moderate 
quantity of wood on the fire, in ſo large a hearth, ſeems but 
little; and, in fo ſtrong and cold a draught, warms but lit- 
tle; fo that people are continually laying on more. In 
ſhort, tis next to impoſſible to warm a room with fuch a 
fire-place : And I ſuppoſe our anceſtors never thought of 
warming rooms to fit in; all they purpos d' was, to have 
a place to make a fire in, by which N 1 warm 


themſelves when cold. 
2. Moſt | 


— — — y 
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2. Moſt of theſe old-faſhioned chimneys in towns and 
cities, have been, of late years, reduced to the ſecond ſort 
mentioned, by building jambs within them, narrowing the 
hearth, and making a low arch or breaſt. Tis ſtrange, 
methinks, that though chimneys have been ſo long in uſe, 
their conſtruction ſhould be ſo little underſtood till lately, 
that no workman pretended to make one which ſhould 
always carry off all the ſmoke, but a chimney-cloth was 
looked upon as eſſential to a chimney. This improve- 
ment, however, by ſmall openings and low breaſts, has 
been made in our days; and ſucceſs in the firſt experi- 
ments has brought it into general uſe in cities, ſo that al- 
moſt all new chimnies are now made of that fort, and 
much fewer bricks will make a ftack of chimneys now 
than formerly. An improvement ſo lately made, may 
give us room to believe, that ſtill farther improvements 
may be found to remedy the inconveniencies yet remaining. 
For theſe new chimneys, though they keep rooms gene- 
rally free from ſmoke, and, the opening, being contracted, 
will allow the door to be ſhut, yet the funnel ſtill requir- 
ing a confiderable quantity of air, it ruſhes in at every 
crevice ſo ſtrongly, as to make a continual whiſtling or 
howling, and it is very uncomfortable, as well as danger- 
ous, to fit againſt any ſuch crevice. Many colds are caught 
from this cauſe only, it being ſafer to fit in the open ſtreet, 
for then the pores do all cloſe together, and the air does 
not ſtrike ſo ſharply againſt any particular part of the body. 


19 
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The Spaniards have a proverbial ſaying, 


I the wind blows on you through a hole, 
Make your will, and take care of your ſoul. 


Women, particularly, from this cauſe, as they ſit much 
in the houſe, get colds in the head, rheums and deflucti- 
ons, which fall into their jaws and gums, and have de- 
ſtroyed early many a fine ſet of teeth in theſe Northern co- 
lonies. Great and bright fires do, alſo very much contri- 
bute to damage the eyes, dry and ſhrivel the ſkin, and 
bring on early the appearances of old age. In ſhort, ma- 
ny of the diſcaſes proceeding from colds, as fevers, pleu- 
riſies, &c. fatal to very great numbers of people, may be 
aſcribed to ſtrong drawing chimneys, whereby, in ſevere 
weather, a man is ſcorched before, while he is froze be- 
hind x. In the mean time, very little is done by theſe 
| chimneys 

9 Av the writer is neither phyſician nor philoſopher, the reader may 


expect he ſhould juſtify theſe his opinions by the authority. of ſome that 
are ſo. M. Clare, F. R. S. in his treatiſe of The motion of fluids, ſays, pag. 


246, Sc. And here it may be remarked, that it is more prejudicial to 


<< health, to fit near a window or door, in a room where there are many 
« candles and a fire, than in a room without; for the conſumption of air 
tc thereby occaſioned, will always be very conſiderable, and this muſt ne- 
c ceſſarily be replaced by cold air from without. Down the chimney can 
« enter none, the ſtream of warm air, always ariſing therein, abſolutely 
c forbids it; the ſupply muſt therefore come in wherever other open- 
« ings ſhall be found. If theſe happen to be ſmall, ler thoſe who fit near 
ce them beware; the ſmaller the floodgate, the ſmarter will be the ſtream. 
« Was a man, even in a ſweat, to leap into a cold bath, or jump from 
« his warm bed, in the intenſeſt cold, even in a froſt, provided he do not 
« continue over- long therein, and be in health when he does this, we ſee 
« by experience that he gets no harm. If he fits a little while againſt a_ 
& window, into which a ſucceſſive current of cold air comes, his pores are 
« cloſed, and he gets a fever. In the firſt caſe, the ſhock the _— en- 
| | | ures 
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chimneys towards warming the room; for the air round 
the fire- place, which is warmed by the direct rays from 
the fire, does not continue in the room, but is continually 
crouded and gathered into the chimney by the current of 
cold air coming behind it, and ſo is preſently carried off. 

« dures is general, uniform, and therefore leſs fierce ; in the other a ſingle 
s part, a neck or ear perchance, is attacked, and that with the greater 
« violence probably, as it is done by a ſucceſſive ſtream of cold air. And. 
<« the cannon of a battery, pointed againſt a ſingle part of a baſtion, will 


« eaſier make a breach than were they directed to play ſingly upon the 
«. whole face, and will admit the enemy much ſooner into the town.“ 


That warm rooms, and keeping the body warm in winter, are means 


of preventing ſuch diſeaſes, take the opinion of that learned 7zalran phyſi- 
cian Antonio Porcio, in the preface to his tract de Militis Sanitate tuenda, 
where, ſpeaking of a particular wet and cold winter, remarkable at Fe- 
nice for its ſicklineſs, he ſays, Popularis autem pleuritis que Venetiis ſæviit 
menſibus Dec: Jan. Feb. ex cœli, azriſque inclementia facta eſt, quod non habe- 
ant hypocauſta ¶ ſtove-rooms] & quod non ſoliciti ſunt Itali omnes de auribus, 
temporibus, collo, totogue corpore defendendis ab injuriis aeris ; et tegmina domo- 
rum Veneti diſponant parum inclinata, ut nives diutius permaneant ſuper. 
tegmina. E contra, Germani, qui experiuntur cœli inclementiam, perdidi- 
cere ſeſe defendere ab atris injuria. Tetta conſtruunt multum inclinata, ut de- 
cidant nives. Germani abundant lignis, domuſque hypocauſtis; foris autem 
encedunt pannis, pellibus, goſſipio, bene mebercule loricati atque muniti. In 
Bavaria interrogabam (curioſitate motus videndi Germaniam) quot nam elapfis 
menſibus pleuritide vel peripneumonia fuiſſent abſumti; dicebant vix unus aut 
alter illis temporibus pleuritide fuit correptus. 

The great Dr Boerhaave, whoſe authority alone might be ſufficient, in 
his Aphoriſms mentions, as one antecedent cauſe of pleuriſies, a cold air, driven 
_ violently through ſame narrow paſſage upon the body, overheated by labour or fire. 

The Eaſtern phyſicians agree with the Europeans in this point; witneſs 
the Chine/e treatiſe entitled T chang ſeng, i. e. The art of procuring health and 
long life, as tranſlated in Pere Du Halde's account of China, which has 
this paſſage. As of all the paſſions which ruffle us, Anger does the moſt mi ſ 
chief, ſo of all the malignant affe&ions of the air, a wind that comes thro” 
any narrow paſſage, which is cold and piercing, is mo it dangerous; and 
coming upon us unawares, inſinuates itſelf into the body, ten cauſing grievous 
diſeaſes. It ſhould therefore be avoided, according to the advice of the an- 
cient proverb, as carefully as the point of an arrow. Theſe miſchiefs are 
avoided by the uſe of the new-invented fire-places, as will be ſhewn here- 


after, 
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In both theſe ſorts of fire-pla ces, the 8 pant of the 
heat from the fire is loſt ; for as fire naturally darts heat 
every way, the back, the two jambs, and the hearth, drink 
up almoſt all that is given them, very little being reflected 

from bodies ſo dark, porous, and unpoliſhed ; and the up- 
right heat, which is by far the greateſt, flies directly up. 
the chimney. Thus five fixths at leaſt of the heat (and 

conſequently of the fewel) is waſted, and contributes no- 
thing towards warming the room. 

3. To remedy this, the Sieur Gauger gives, in his book 
entitled, La Mechanigue de Feu, publiſhed in 1709, ſeven 
different conſtructions of the third fort of chimneys men- 
tioned above, in which there are hollow cavities made by 
iron plates in the back, jambs, and hearth, through which 
plates the heat paſſing, warms the air in thoſe cavities, 

which is continually coming into the room freſh and 
warm. The invention was very ingenious, and had many 
conveniencies: The room was warmed in all parts, by the 
air flowing into it through the heated cavities: Cold air 
was prevented ruſhing through the crevices, the funnel 
being ſufficiently ſupplied by thoſe cavities: Much leſs 
fuel would ſerve, Sc. But the firſt expence, which was 
very great; the intricacy of the deſign, and the difficulty 
of the execution, eſpecially in old chimnies, diſcouraged 
the propagation of the invention; ſo that there are, I ſup- 
poſe, very few ſuch chimnies now in uſe. [The upright 
heat, too, was almoſt all loſt in theſe, as in the common. 
chimneys.] ws 
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4. The Holland iron ſtove, which has a flue proceeding 
from the top, and a ſmall iron door opening into the room, 
comes next to be conſidered. Its conveniencies are, that 


it makes a room all over warm; for the chimney being 
wholly cloſed, except the flue of the ſtove, very little air 


is required to ſupply that, and therefore not much ruſhes. 


in at crevices, or at the door when it is opened. Little 
fewel ſerves, the heat being almoſt all ſaved ; for it rays 
out almoſt equally from the four ſides, the bottom and 
the top, into the room, and preſently warms the air around 
it, which being rarified, riſes to the cieling, and its place 
is ſupplied by the lower air of the room, which flows gra- 
dually towards the ſtove, and is there warmed, and rifes in 


its turn, ſo that there is a continual circulation till all the 


air in the room is warmed. The air, too, is gradually 
changed, by the ſtove-door's being in the room, through 
which part of it is continually paſting, and that makes 
theſe ſtoves wholeſomer, or at leaſt pleaſanter than the 
German ſtoves, next to be ſpoke of.— But they have theſe 


inconveniences. There is no fight of the fire, which is 


in itſelf a pleaſant thing. One-cannot conveniently make 


any other uſe of the fire but that of warming the room. 
When the room is warm, people not ſeeing the fire, are apt 
to forget ſupplying it with fuel till it is almoſt out, then, 


growing cold, a great deal of wood is put in, which ſoon 
makes it too hot. The change of air is not carried on 
quite quick enough, ſo that if any ſmoke or ill ſmell hap- 


pens in the room, it is a long time before it is diſcharged. 


ah - For 
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For theſe reaſons the Halland ſtove has not obtained much 
among the Engliſh (who love the fight of the fire) unleſs 
in ſome workſhops, where people are obliged to ſit near 
windows for the light, and in ſuch places * have been 
found of good uſe. e 

5. The German ſtove is like a bows one ſide wanting. 
It is compoſed of five iron plates ſcrued together, and fixed. 
ſo as that you may put the fuel into it from another room, 
or from the outfide of the houſe. It is a kind of oven re- 
verſed, its mouth being without, and body within the room 
that is to be warmed by it. This invention certainly warms 
a room very ſpeedily and thoroughly with little fuel: No 
quantity of cold air comes in at any crevice, becauſe there 
is no diſcharge of air which it might ſupply, there being 
no paſſage into the ſtove from the room. Theſe are its. 
conveniencies.— Its inconveniencies are, That people have 
not even ſo much ſight or uſe of the fire as in the Holland 
ſtoves, and are, moreover, obliged to breathe the ſame un- 
chang'd air continually, mixed with the breath and perſpi- 
ration from one another's bodies, which is very diſagree- 
able to thoſe who have not been accuſtomed to it. 

6. Charcoal fires in pots, are uſed chiefly in the ſhops of 
handicraftsmen. They warm a room (that is kept cloſe, 
and has no chimney to carry off the warmed air) very 

ſpeedily and uniformly ; but there being no draught to 
change the air, the ſulphurous fumes from the coals [be 
they ever ſo well kindled before they are brought in, there 
will be ſome] mix with it, render it diſagreeable, hurtful to 

| 3 ſome 
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ſome conſtitutions, and ſometimes, when the door is long 
kept ſhut, produce ſatal conſequences. | 

To avoid the ſeveral inconveniencies, and at thi ſame 
time retain all the advantiges of other fire-places, was 
contrived the PENNSYLVANIA FIRE-PLACE, now to be 
diepſcribed. 

This Machine conſiſts of 

A bottom- plate, (i) [See he Plate annexed.] 

A back Plate, (11) 

Two middle hw (iv iv) which joined together, form 
a tight box, with winding paſſages in it for RE the air. 

A front plate, (v) 

A top plate, (vi) 


Theſe are all caſt of iron, with mouldings or ledges | 


| where the plates come together, to hold them faſt, and re- 
tain the mortar uſed for pointing to make tight joints. 
When the plates are all in their places, a pair of ſlender 
rods with ſcrews, are ſufficient to bind the whole "oy 
firmly together, as it appears in Fig. 2. 


There are, moreover, two thin plates of wrought iron, 


vz. the ſhutter, (vii) and the regiſter, (viii); beſides the 
ſcrew-rods O P, all which we ſhall explain in their order. 
(i) The bottom plate or hearth-piece, is round before, 
with a riſing moulding that ſerves as a fender to keep coals 
and aſhes from coming to the floor, &c. It has two ears, 
F G, perforated to receive the ſcrew-rods OP ; a long air- 
hole, a a, through which the freſh outward air paſſes up 


into 
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into the air-box; and three ſmoke-holes B C through 
which the ſmoke deſcends and paſſes away; all repreſent- 
ed by dark ſquares. It has alſo double ledges to receive 
between them the bottom edges of the back plate, the 
two ſide · plates, and the two middle- plates. Theſe ledges 
are about an inch aſunder, and about half an inch high; 
A profile of two of them Joined to a fragment of plate, ap- 
pears in Fig. 3. 

(ii) The back plate is without holes, having only a pair 
of ledges on en ſide, to receive the back edges of the two 
receive the a erer the front plate, and a little ſhoulder 
for it to reſt on; alſo two pair of ledges to receive the 
ſide edges of the two middle plates which form the air- 
box; and an oblong air-hole near the top, through which 
is diſcharged into the room the air warmed in the air- box. 
Each has alſo a wing or bracket, H and I, to keep in 
falling brands, coals, Ac, and a ſmall _ Qand R, for the 
axis of the regiſter to turn in. | 

| (iv iv) The air- box is compoſed of the two middle plates 
DE and FG. The firſt has five thin ledges or partitions 
caſt on it, two inches deep, the edges of which are receiv- 
ed in ſo many pair of ledges caſt in the other. The tops 
of all the cavities formed by theſe thin deep ledges, are 
alſo covered by a ledge of the ſame form and depth, caſt 
with them; ſo that when the plates are put together, and 
the joints luted, there is no communication between the 
| | | Alx- 
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air-box and the ſmoke. In the winding paſſages of tas 
box, freſh air is warm'd as it paſſes into the room. 

(v) The front plate is arched on the under fide, and 
ornamented with foliages, &c. it has no ledges. 
(vi) The top plate has a pair of ears, MN, anſwerable 
to thoſe in the bottom plate, and perforated for the ſame 
purpoſe: It has alfo a pair of ledges runnipg round the 
under fide, to receive the top edges of the front, back, 
and ſide- plates. The air - box does not reach up to the top 

plate by two inches and half. | 
(vii) The ſhutter is of thin wrought iron and light, of 
of ſuch a length and breadth as to cloſe well the opening 
of the fire-place. It is uſed to blow up the fire, and to 
ſhut up and ſecure it a nights. It has two braſs knobs 
for handles, d d, and commonly ſlides up and down in a 
groove, left, in putting up the fire-place, between the 
foremoſt ledge of the fide-plates, and the face of the front 
plate ; but ſome chuſe to ſet it aſide when it is not in uſe, 
| and apply it on occaſion. _ Y 

(viii) The regiſter is alſo of thin wrought iron. It is 
placed between the back plate and air-box, and can, by 
means of the key S, be turned on its axis, ſo as to lie in 
any Poſition between level and upright, | 

The ſcrew-rods OP are of wrought iron, about a third 
of an inch thick, with a button at bottom, and a ſcrew 


and nut at top, and may be ornamented with two ſmall 
braſſes ſcrewed on above the nuts. 


To 


1. 
1 
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To put this Machine to work, 

1. A falſe back of four inch (or, in ſhallow ſmall Aim 
neys, two inch) brick work is to be made in the chim- 
ney, four inches or more from the true back : From the 
top of this falſe back a cloſing is to be made over to the 
breaſt of the chimney, that no air may paſs into the chim- 
ney, but what goes under the falſe back, and up behind it. 

2. Some bricks of the hearth are to be taken up, to form 
a hollow under the bottom plate ; acroſs which hollow 


= - <4 —— 


runs a thin tight partition, to keep apart the air entering 


the hollow and the ſmoke; and is therefore placed be · 
tween the air-hole and ſmoke-holes, 

3. A paſſage is made, communicating with the out- 
ward air, to introduce that air into the fore part of the 
hollow under the bottom-plate, whence it t may riſe thro! 
the air-hole into the air-box. 

4. A paſſage is made from the back part of the hol- 
low, communicating with the flue behind the falſe back ; 
Through this paſſage the ſmoke is to pals. 

The fire-place is to be erected upon theſe hollows, by 
putting all the plates in their * and ſcrewing them to- 


gether. 


Its operation may be conceived * obſerving the fol- 
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PROFILE of the Cuimney and FIRE-PLACE. 
M The mantle-piece, or breaſt of the chimney, 


B The falſe back and cloſing, 

E True back of the chimney, 

T Top of the fire · place. 

F The front of it. 

A The place where the fire is made, 

D The air-box, 

K The hole in the ſide - -plate, through which 


the warmed air is diſcharged out of the 
air-box into the room. 


1600 
Ul 


Ml 


11666 


i 


H The hollow filled with freſh air, entering at F IG} 4 = 
the paſſage IJ, ag aſcending into the air- =— == 
box t hrough the air-hole ia the bottom == =H 
plate near = =D: = 
. © The partition 3 the hollow to "ew the air SEE = 
and ſmoke ap | ä 
P The paſſage under the falſe back and out of 
the hearth for the ſmoke, 
| io 13 eee 
= The zerowe how. the courls'of the ſmoke, _ + 7 | * — 1 1 


The fire being made at A, the flame and ſmoke will 
aſcend and ftrike the top T, which will thereby receive a 
conſiderable heat. The ſmoke, finding no paſſage up- 


wards, turns over the top of the air-box, and deſcends be- 


tween it and the back plate to the holes at B, in the bot- 


tom plate, heating, as it paſſes, both plates of the air-box, 


and the ſaid back plate; the front plate, bottom and fide 


plates, are alſo all heated at the ſame time. The ſmoke 


proceeds in the paſſage that leads it under and behind the 
falſe back, and fo riſes into the chimney. The air of the 


room, warmed behind the back plate, and by the ſides, 
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front, and top plates, becoming ſpecifically lighter than the 
other air in the room, is obliged to riſe ; but the cloſure 
over the fire-place hindering it from going up the chim- 
ney, it is forced out into the room, riſes by the mantle- 

piece to the cieling, and ſpreads all over the top of the 


room, whence being crouded down gradually by the 
ſtream of newly-warm'd air that follows and riſes above it, 
the whole room becomes in a ſhort time equally warmed. 


At the fame time the air, warmed under the bottom- 
plate, and in the air-box, riſes and comes out of the holes 
in the ſide-plates, very ſwiftly if the door of the room be 
ſhut, and joins its current with the ſtream before mention- 
ed, riſing from the ſide, back, and top plates. 

The air that enters the room through the air-box is freſh, 
though warm ; and, computing the ſwiftneſs of its moti- 
on with the areas of the holes, it is found that near ten 
barrels. of freſh air are hourly introduced by the air-box ; 
and by this means the air in the room is contnually” 


changed, and kept, at the ſame time, ſweet and warm. 


It is to be obſerved, that the entering air will not be 
warm at firſt "gating the fire, but heats gradually as the fire 
encreaſes. 

A ſquare opening for a hs ſhould be left in the 

cloſing of the chimney, for the ſweeper to go up: The 
door may be made of ſlate or tin, and commonly kept 
cloſe ſhut, but ſo placed as that turning up againſt the 


back of the chimney when open, it. cloſes the vacancy be- 


bind the falſe back, and ſhoots the ſoot, that falls in ſweep- 


in 2's 


* 
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ing, out upon the hearth. This trap- door is a 5 conve- 


nient thing. 
In rooms where much ſmoking of tobacco is uſed, it is 


alſo convenient to have a ſmall hole, about five or fix in- 
ches ſquare, cut near the cieling through into the funnel: . 
This hole muſt have a ſhutter, by which it may be clos'd 
or open'd at pleaſure, When open, there will be a ſtrong 


draught of air thro? it into the chimney, which will preſently 


carry off a cloud of ſmoke, and keep the room clear: If 
the room be too hot likewiſe, it will carry off as much of 


the warm air as you pleaſe, and then you may ſtop it en- 


tirely, or in part, as you think fit. By this means it is, 
that the tobacco ſmoke does not deſcend among the heads 
of the company near the fire, as it muſt do before it can 


a into common chimneys. 


The Manor of uſmg this Fr IRE-PLACE. 
Your cord-wood muſt be cut into three lengths; or - elſe 
a ſhort piece, fit for the fire-place, cut off, and the long- 
er left for the kitchen or other fires. Dry hickery, or 
aſh, or any woods that burn with a clear flame are rather 
to be choſen, becauſe ſuch are leſs apt to foul the ſmoke- 


paſſages with ſoot ; and flame communicates, with its 
light, as well as by contact, greater heat to the plates 


and room. But where more ordinary wood is uſed, half 
a dry faggot of bruſh-wood, burnt at the firſt making of 
fire in the morning is very advantageous, as it it immedi- 
any: by its ſudden. blaze, heats the plates, and warms the 

Rr 2 | room 
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room (which with bad wood flowly kindling would not 
be done fo ſoon) and at the ſame time, by the length of 
its flame, turning in the paſſages, conſumes and cleanſes 
away the ſoot that ſuch bad ſmoaky wood had produ- 
ced therein the preceding day, and ſo keeps them always 
free and clean.—When you have laid a little back log, 
-and placed your billets on ſmall dogs, as in common chim- 
neys, and put ſome fire to them, then ſlide down your 
ſhutter as low as the dogs, and the opening being by that 
means contracted, the air ruſhes in briſkly, and preſently 
blows up the flames. When the fire is ſufficiently kind- 
led, flide it up again ®. In ſome of theſe fire-places there 
is a little fix inch ſquare trap-door of thin wrought iron or 
braſs, covering a hole of like dimenſions near the fore-part 
of the bottom-plate, which being by a ring lifted up to- 
wards the fire, about an inch, where it will be retained 
by two ſpringing fides fixed to it perpendicularly, [See the 
Plate, Fig. 4,]} the air ruſhes in from the hollow under 
the bottom. plate, and blows the fire. Where this is uſed, 
the ſhutter ſerves only to cloſe the fire at nights. The 
more forward you can make your fire on the hearth- 
plate, not to be incommoded by the ſmoke, the ſooner and 
more will the room be warmed, At night when you go 
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* The ſhutter is ſlid up and down in this manner, only in thoſe fire- 
places which are ſo made as that the diſtance between the top of the arch- 
ed opening, and the bottom plate, is the ſame as the diſtance between it 
and. the top · plate. Where the arch is higher, as it is in the draught 
annexed, (which is agreeable to the laſt improvements) the ſhutter is ſet 
by, and applied occaſionally ; becauſe if it were made deep enough to 

Aloſe the whole opening when ſlid down, it would hide part of it when up- 
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to bed, cover the coals or brands with aſhes as uſual ; 
then take away the dogs, and flide down the ſhutter cloſe 
to the bottom-plate, ſweeping a little aſhes againſt it, that 
no air may paſs under it; then turn the regiſter, ſo as very 
near to ſtop the flue behind, If no ſmoke then comes 
out at crevices into the room, it is right: If any ſmoke 
is perceived to come out, move the regiſter ſo as to give 
a little draught, and it will go the right way. — Thus the 
room will be kept warm all night; for the chimney being 
almoſt entirely ſtopt, very little cold air, if any, will enter 
the room at any crevice. When you come to re-kindle 
the fire in the morning, turn open the regiſter before you 
lift up the flider, otherwiſe, if there be any ſmoke in the 
fire- place, it will come out into the room. By the ſame 
uſe of the ſhutter and regiſter, a blazing fire may be pre- 
ſently ſtifled, as well as ſecured, when you have occaſion 
to leave it for any time; and at your return you will find 
the brands warm, and ready for a ſpeedy re-kindling. The 
ſhutter alone will not ſtifle a fire, for it cannot well be 
made to fit ſo exactly but that air will enter, and that in a 
violent ſtream, ſo as to blow up- and keep alive the flames, 
and conſume the wood, if the draught be not check'd by 
turning the regiſter to ſhut the flue behind. The regiſter _ 
has. alſo two other uſes. If you obſerve the draught of 
air into your fire-place to be ſtronger than is neceſſary, 
(as in extream cold weather it often is) ſo that the wood. 
| is conſumed faſter than uſual ; in that caſe, a quarter, half, 
or two thirds turn of the regiſter, will check the violence of 
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the draught, and let your fire burn with the moderation 
you deſire: And at the ſame time both the fire· place and 
the room will be the warmer, becauſe leſs cold air will 
enter and paſs through them. And if the chimney ſhould 
happen to take fire, (which indeed there is very little dan- 
ger of, if the preceding direction be obſerved in making 
fires, and it be well ſwept once a year; for, much leſs 
wood being burnt, leſs ſoot is proportionably made; and the 
fuel being ſoon blown into flame by the ſhutter (or the 
trap-door bellows) there is conſequently leſs ſmoke from 
the fuel to make ſoot ; then, though the funnel ſhould be 
foul, yet the ſparks 1 ſuch a crooked up and down 
round about way to go, that they are out before they get at 
it. I fay, if ever it ſhould be on fire, a turn of the regiſter 
ſhuts all cloſe, and prevents any air going into the chim- 
ney, and ſo the fire may eaſily be ſtifled and maſtered, 


The Advantages of this FIR E-PTAcx. 


"Its advantages above the common fire- places are, 

1. That your whole room is equally warmed, ſo that 
people need not croud ſo cloſe round the fire, but may ſit 
near the window, and have the benefit of the light for 
reading, writing, needle-work, Sc. They may fit with 
comfort in any part of the room, which is a very conſidera- 
ble advantage in a large family, where there muſt often be 
two fires kept, becauſe all cannot conveniently come at one. 

2. If you ſit near the fire, you have not that cold draught 


of uncomfortable air nipping your back and heels, as when 
before 
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before common fires by which many catch cold, being 


ſcorched before, and, as it were, froze behind. 
3. If you fit againſt a crevice, there is not that ſharp 


draught of cold air playing on you as in rooms where there 
are fires in the common way ; by which many catch cold, 
whence proceed coughs , catarrhs, tooth-achs, fevers, 
pleuriſies, and many other diſeaſes. 

4. In caſe of ſickneſs they make moſt excellent nurſing 
rooms; as they conſtantly ſupply a ſufficiency of freſh air, 
ſo warmed at the fame time as to be no way inconvenient 
or dangerous. A ſmall one does well in a chamber ; and, 
the chimneys being fitted for it, it may be mined from 
one room to another, as occaſion requires, and fixed in 
half an hour. The equal temper, too, and warmth, of 
the air of the room, is thought to be particularly advanta- 
geous in ſome diſtempers; for it was obſerved in the win- 
ters of 1730 and 1736, when the ſmall-pox ſpread in 
Pennſylvania, that very few children of the Germans died 
of that diſtemper in proportion to thoſe of the Engliſb; 
which was aſcribed, by ſome, to the warmth and equal 
temper of air in their ſtove-rooms, which made the diſ- 
| eaſe as favourable as it commonly is in the Weſſ-- Indies. 
But this conjecture we enn to the judgment of phyſicians. 


*. My Lord Moleſworth, in his a account of Denmark, ſays, „That 
« few or none of the people there, are troubled with coughs, catarrhs, 
« confumptions, or ſuch like diſeaſes of the lungs ; ſo that in the midſt 
cc of winter in the churches, which are very much frequented, there is 
© no noiſe to interrupt the attention due to the preacher.. I am perſuad- 
& ed (ſays he) their warm /oves contribute to their freuden, from theſe 
* Kind of maladies.” pag. QI, 


3. In 
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5. In common chimneys, the ſtrongeſt heat from the 
fire, which 1s upwards, goes directly up the chimney, and 
is loſt; and there is ſuch a ſtrong draught into the chim- 

w : | ney, that not only the upright heat, but alſo the back, 
ſides, and downward heats, are carried up the chimney 
by that draught of air; and the warmth given before the 

fire by the rays that ſtrike out towards the room, is conti- 
nually driven back, crouded into the chimney, and carried up 
by the ſame draught of air. But here the upright heat ſtrikes 
and heats the top plate, which warms the air above it, and 
that comes into the room. The heat likewiſe, which the fire 
communicates to the ſides, back, bottom, and air-box, is 
all brought into the room ; for you will find a conſtant 
current of warm air coming out of the chimney corner in- 
to the room. Hold a candle juſt under the mantle-piece, - 
or breaſt of your chimney, and you will ſee the flame 
bent outwards: By laying a piece of ſmoaking paper on 

the hearth, on either ſide, you may ſee how the current 
of air moves, and where it tends, for it will turn and 
carry the ſmoke with it. 

| 6. Thus as very little of the heat is loſt, when this fire- 

| place is uſed, much leſs wood * will ſerve you, which is a 

| cCionſiderable advantage where wood is dear, : 

| | | EO . 7. . 

| 


People who have uſed theſe 1 differ much in their accounts 
of the whod faved by them. Some ſay ſive- ſixths, others three-fourths, 
and others much leſs. This is owing to the great difference there was in 
14 | their former fires; ſome (according to the different circumſtances of 
| ſteir rooms and chimaics) _— been uſed to make very large, — 
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7. When you burn candles near this fire- place, you will 
find that the flame burns quite upright, and does not bla e 
and run the tallow down, by, drawing towards the chim- 
ney, as againſt common FFF 
_ This fire - place cures moſt ſmoaky chimneys, and 
thereby preſerves both the eyes and furniture. | 
9. It prevents the fouling of chimneys ; much of the 
lint and duſt that contributes to foul a chimney being, by 
the low arch, obliged to pals through the flame, where it 
is conſumed. Then, leſs wood being burnt, there is leſs 
ſmoke made. Again, the ſhutter, or trap-bellows, ſoon 
blowing the wood into a flame, the ſame wood does not 
yield ſo much ſmoke as if burnt in a common chimney ; 
For as ſoon as flame begins, ſmoke, in proportion, ceaſes. 
10. And if a chimney ſhould be foul, it is much leſs 
likely to take fire, If it ſhould take fire, it is eaſily ſtifled 
and extinguiſhed. | | 
11. A fire may be very ſpeedily made in this fire-place, 
by the help of the ſhutter, or trap-bellows, as aforeſaid... 
12. A fire may be ſoon extinguiſhed, by cloſing it with 
the ſhutter before, and turning the regiſter behind, which 
Will ſtifle it, and the brands will remain ready to rekindle. 
13. The room being once warm, the warmth may be 
retained in it all night. | | 


 middling, and others, of a more ſparing temper, very ſmall ones: While 
in theſe fire places (their ſize and draught being nearly the ſame) the con- 
ſumption is more equal. I ſuppoſe, taking a number of families together, 
that two thirds, or half the wood, at leaſt, is ſaved. My common room, 
I know, is made twice as warm as it uſed to be, with a quarter of the wood 
J formerly conſumed there. „ 

1 And 
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14. And, laſtly, the fire is ſo ſecured at night, that not 
one ſpark can fly out into the room to do damage, 
With all theſe conveniencies, you do not loſe the plea- 
fant ſight nor uſe of the fire, as in the Dutch ſtoves, but 
may boil the tea-kettle, warm the flat- irons, heat heaters, 
keep warm a diſh of victuals, by ſetting it on the top, &c.. 


OBJEcTIons anſwered. 


There are ſome objections commonly made by people 
that are unacquainted with theſe fire-places, which it may 
not be amiſs to endeavour to remove, as they ariſe from 
prejudices which might otherwiſe obſtruct, in ſome degree, 
the general uſe of this beneficial machine. We frequently _ 
hear it ſaid, They are of the nature of Dutch floves ; ſtoves 
have an unpleaſant ſmell; floves are unwholeſome ; and, 
warm rooms make people tender, and apt to catch cold. 
As to the firſt, that they are of the nature of Dutch ſtoves, 
the deſcription of thoſe ſtoves, in the beginning of this. 
paper, compared with that of theſe machines, ſhows that- 
there is a moſt material difference, and that theſe have 
vaſtly the advantage, if it were only in the ſingle article 
of the admiſſion and circulation of the freſh air.. But it muſt: 
be allowed there may have been ſome cauſe to complain. 
of the offenſive ſmell of iron ſtoves. This ſmell, howe- 
ver, never proceeded from. the iron itſelf, which, in its. 
nature, whether hot or cold, is one of the ſweeteſt of me-- 
tals, but from the general uncleanly manner of uſing thoſe. 
ſtoves. If they are kept clean, they are as ſweet as an 

iron 
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ironing- box, which, though ever ſo hot, never offends the 
ſmell of the niceſt Lady: But it is common to let them 
be greaſed, by ſetting candleſticks on them, or other wiſe; 
to rub greaſy hands on them; and, above all, to ſpit upon 
them, to try how hot they are, which is an inconſiderate 
filthy unmannerly cuſtom; for the ſlimy matter of ſpittle 
drying on, burns and fumes when the ſtove is hot, as well 
as the greaſe, and ſmells moſt nauſeouſly, which makes ſuch 
cloſe ſtove-rooms, where there is no draught to carry off 
thoſe filthy vapours, almoſt intolerable to thoſe that are 
not from their infancy accuſtomed to them. At the ſame 
time nothing is more eaſy than to keep them clean; for 
when by any accident they happen to be fouled, a lee 
made of aſhes and water, with a bruſh, will ſcour them 
perfectly; as will alſo a little ſtrong ſoft ſoap and water. 
That hot iron of itſelf gives no offenſive ſmell, thoſe 
know very well who have (as the writer of this has) been 
preſent at a furnace when the workmen were pouring out 
the flowing metal to caſt large plates, and not the leaſt 
ſmell of it to be perceived. That hot iron does not, like 


es d, braſs, and ſome other metals, give out unwholeſome 


vapours, is plain from the general health and ſtrength of 
thoſe who conſtantly work in iron, as furnace-men, forge- 
men, and ſmiths; that it is in its nature a metal perfectly 
wholeſome to the body of man, is known from the bene- 
ficial uſe of chalybeate or iron mine-waters ; from the 
good done by taking ſteel filings in ſeveral diſorders ; and 
that even the ſmithy water in which hot 1 irons are quench- 

| 82 ed, 
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ed, is found advantageous to the human conſtitution.— 
The ingenious and learned Dr Deſaguliers, to whoſe in- 
ſtructive writings the contriver of this machine acknow- 
ledges himſelf much indebted, relates an experiment he 
made, to try whether heated iron would yield unwhole- 
ſome vapours: He took a cube of iron, and having given 
it a very great heat, he fixed it fo to a receiver, exhauſted 
by the air-pump, that all the air ruſhing in to fill the re- 
ceiver, ſhould firſt paſs through a hole in the hot iron. He 
then put a ſmall bird into the receiver, who breathed that 
air without any inconvenience, or ſuffering the leaſt diſor- 
der. But the ſame experiment being made with a cube of 
bot braſs, a bird put into that air died in a few minutes: 
Braſs, indeed, ſtinks even when cold, and much more 
when hot; lead, too, when hot, yields a very unwhole- 
ſome ſteam ; but iron is always ſweet, and every way ta- 
ken is wholeſome and n to the human body —except ; 
in weapons. 
That warm rooms make people tender, and apt to catch. 
cold, is a miſtake as great as it is (among the Engliſb) ge- 
neral. We have ſeen in the preceding pages how the 
common rooms are apt to give colds; but the writer of 
this paper may affirm from his own experience, and that 
of his family and friends who have ufed warm roatns for 
theſe four winters paſt, that by the uſe of ſuch rooms, 
people are rendered /e/s liable to take cold, and, indeed 
actually hardened, If fitting warm in a room made one 
ſubject to take cold on going out, lying warm in bed ſhould, 
| 8 _ by: 
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by a parity of reaſon, produce the ſame effect when we riſe. 
Yet we find we can leap out of the warmeſt bed naked, in 
the coldeſt morning, without any ſuch danger ; and in the 
ſame manner out of warm cloaths into a cold bed. * The 
| reaſon is, that in theſe caſes the pores all cloſe at once, the 
cold is ſhut out, and the heat within augmented, as we 
foon after feel by the glowing of the fleſh and ſkin. Thus 
no one was ever known to catch cold by the uſe of the cold 
bath: And are not cold baths allowed to harden the bo- 
dies of thoſe that uſe them ? Are they not therefore fre- 
quently preſcribed to the tendereſt conſtitutions? Now 
every time you go out of a warm room into the cold freez- 
ing air, you do as it were plunge into a cold bath, and the 
effect is in proportion the ſame; for (though perhaps you 
may feel ſomewhat chilly at firſt) you find in a little time 
your bodies hardened and ſtrengthened, your blood is dri- 
ven round with a briſker circulation, and a comfortable 
- ſteady uniform inward wermth ſucceeds that equal outward: 
warmth you firſt received in the room. Farther to con- 
firm this aſſertion, we inſtance the Swedes, the Danes; and 
the Ryf/ians: Theſe nations are ſaid to live in rooms, 
compared to ours, as hot as ovens “; yet where are the 

| | | | hardy 


Mr Boyle, in his experiments and obſervations upon cold, Shaw's 

- Abridgement, Vol. I. p. 684, ſays, „ Tis remarkable, that while the cold 
« has ſtrange and tragical effects: at Moſcoto, and elſewhere, the 1 
& and Livonians ſhould be exempt from them, who accuſtom themſelves 
<« to paſs immediately from a great degree of heat, to as great an one of 
cold, without receiving any viſible prejudice thereby. I remember be- 
ing told by a perſon of unqueſtionable credit, that it was a common 
| | | | „ practice 
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hardy ſoldiers, though bred in their boaſted cool houſes, 
that can, like theſe people, bear the fatigues of a winter 
campaign in ſo ſevere a climate, march whole days to the 
neck in ſnow, and at night entrench in ice, as they do ? 
The mentioning of thoſe Northern nations, puts me in 
mind of a conſiderable public advantage that may ariſe 
from the general uſe of theſe fire-places. It is obſervable, 


that though thoſe countries have been well inhabited for 


many ages, wood is ſtill their fuel, and yet at no very great 
price ; which could not have been, if they had not univer- 
fally uſed ſtoves, but conſumed it as we do, in great quan- 
tities, by open fires. By the help of this ſaving invention 
our wood may grow as faſt as we conſume it, and our poſ- 
terity may warm themſelves at a moderate rate, without 
being obliged to fetch their fuel over the Atlantick; as, if 
pit-coal-ſhould not be here diſcovered, (which is an un- 
certainty) they muſt neceſſarily do. 
Wo leave it to the political arithmetician to com pute 
ho much money will be ſaved to a country, by its ſpend- 
ing two-thirds leſs of fuel; how much labour faved in 
cutting and carriage of it; how much more land may be 
cleared by cultivation; how great the profit by the additi- 
onal quantity of work done, in thoſe trades particularly that 


cc practice among them, to go from a hot ſtove, into cold water; the ſame 
« was alſo affirmed to me by another who reſided at Aaſcoiu. This tra- 
c dition is likewiſe abundantly confirmed by Olearius Tiga ſurprizing 
ce thing, ſays he, 10 ſee how far the Ruſſians can endure heat; and how, 

ic when it makes them ready to faint, they can go out of thetr ffoves, fark 
% naked, both men and women, and throw Is into cold water ; and 
ce even in winter acl in the ſnow.” | 


do 


on Philo/ophical Subjects, . 313 8 
do not exerciſc the body ſo much, but that the workfolks 

are obliged to run frequently to the fire to warm them- 
ſelves: And to phyſicians to ſay, how much healthier 
thick-built towns and cities will be, now half ſuffocated 
with ſulphury ſmoke, when ſo much leſs of that ſmoke 


| ſhall be made, and the air breathed by the inhabitants be 


conſequently ſo much purer. Theſe things it will ſuffice 
juſt to have mentioned ; let us proceed to give ſome ne- 
ceſſary directions to the. weren who is to fix or ſet up 


theſe fire - places. 


DIRECTIONS 70 the BRICKLAYER. 

The chimney being firſt well ſwept and cleanſed from 
ſoot, &c. lay the bottom plate down on the hearth, in the 
place where the fire- place is to ſtand, which may be as for- 
ward as the hearth will allow. Chalk a line from one of 
its back corners round the plate to the other corner, that 
you may afterwards know its place when you come to fix 
it; and from thoſe corners, two parallel lines to the back. 
of the chimney : Make marks alſo on each fide, that. you; 
may know where the partition is to ſtand, which is to pre- 
vent any communication. between the air and ſmoke.. 
Then removing the plate, make a hollow under it and be-- 
yond it, by taking up as many of the bricks or tiles as you. 
can, within your chalked lines, quite to the chimney back., 

Dig out ſix or eight inches deep of the earth. or cubbiſh,, 
all the breadth and length of your hollow; then make a: 
paſſage of four inches * (if the place will allow ſo 


much) 
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much) leading from the hollow to ſome place communica- 
ting with the outer air; by outer air we mean air without 
the room you intend to warm. This paſſage may be made 
to enter your hollow on either ſide, or in the fore part, juſt 
as you find moſt convenient, the circumſtances of your 
chimney conſidered. Tf the fire-place is to be put up in 
a chamber, you may have this communication of outer 
air from the ſtair- caſe; or ſometimes more eaſily from be- 
tween the chamber floor, and the cieling of the lower 
room, making only a ſmall hole in the wall of the houſe 
entering the ſpace betwixt thoſe two joiſts with which 
your air-paſſage in the hearth communicates, If this air- 
| paſſage be ſo ſituated as that mice may enter it, and neſtle 
in the hollow, a little grate of wire will keep them out. 
This paſſage being made, and, if it runs under any part 
of the earth, tiled over ſecurely, you may proceed to raiſe 
your falſe back. This may be of four inches or two in- 
ches thickneſs, as you have room, but let it ſtand at leaſt 
four inches from the true chimney-back. In narrow 
chimnies this falſe back runs from jamb to jamb, but in 
large old faſhioned chimnies, you need not make it wider 
than the back of the fire-place. To begin it, you may 
form an arch nearly flat, of three bricks end to end, over 
the hollow, to leave a paſſage the breadth of the iron fire- 
place, and five or ſix inches deep, rounding at bottom, for 
the ſmoke to turn and paſs under the falſe back, and ſo be- 
hind it up the chimney. The falſe back is to riſe till it is 
as high as the breaſt of the chimney, and then to cloſe over 
| | to 
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to the breaſt *; always obſerving, if there is a wooden 
mantle-tree, to cloſe above it. If there is no wood in the 
breaſt, you may arch over and cloſe even with the lower 
part of the breaſt, By this cloſing the chimney is made 
tight, that no air or ſmoke can paſs up it, without going 
under the falſe back. Then from fide to fide of your 
hollow, againſt the marks you made with chalk, raiſe a 
tight partition, brick- on- edge, to ſeparate the air from the 
ſmoke, bevelling away to half an inch the brick that comes 
juſt under the air-hole, that the air may have a free paſſage 
up into the air-box : Laſtly, cloſe the hearth over that part 
of the hollow that is between the falſe back and the place 


| of the bottom plate, coming about half an inch under the 


plate, which piece of hollow hearth may be ſupported by 
a bit or two of old iron hoop ; then is your chimney fitted 
to receive the fire- place. 

To ſet it, lay firſt a little bed an mortar all round the 
edges of the hollow, and over the top of the partition : 
Then lay down your bottom. plate in its place (with the 
| rods in it) and tread it till it lies firm. Then put a little 
fine mortar (made of loam and lime with a little hair) into 
its joints, and ſet in your back plate, leaning it for the pre- 
ſent againſt the falſe back : Then ſet in your air-box, with 

a little mortar in its joints: Then put in the two ſides, clo- 
ſing them up againſt the air - box with mortar in their grooves, 
and fixing at the ſame time your regiſter: Then bring up 


* Sce Pag- 302, where the e is deſeribed that ought to be in this 
cloſing. 5 
" | your 
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your back to its place, with mortar in its grooves, and that 
will bind the ſides together. Then put in your front plate, 
placing it as far back in the groove as you can, to leave 
room for the ſliding plate: Then lay on your top plate, 


with mortar in its grooves alfo, ſcrewing the whole firmly 


together by means of the rods. The capital letters A B 


D E, Sc. in the annexed cut, ſhew the correſponding parts. 


of the ſeveral plates. Laſtly, the joints being pointed all 
round on the outſide, the fire- place is fit for uſe. _ 

When you make your firſt fire in it, perhaps if the 
chimney be thoroughly cold, it may not draw, the work. 
too being all cold and damp. In ſuch caſe, put firſt a few 


ſhovels of hot coals in the fire-place, then lift up the 


chimney-ſweeper's trap- door, and putting in a ſheet or 


or two of flaming paper, ſhut it again, which will ſet the 


chimney a drawing immediately, and when once it is filled 
with a column of warm air, it will draw en and con- 
tinually. 

The drying of the mortar and work by the firſt fire, 
may ſmell unpleaſantly, but that will ſoon be over. 

In ſome ſhallow chimneys, to make more room for the 
falſe back and its flue, four inches or more of the chimney: 
back may be picked away. 

Let the room be made as * as conveniently it may 


| be, ſo will the outer air that muſt come in to ſupply the 


room and draught of the fire, be all obliged to enter thro” 
the paſſage under the bottom-plate, and up through the- 


| air. box, by which means it will not. come cold to your 


aps 
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backs, but be warmed as it comes in, and mixed with 
the warm air round the fire- place before it ſpreads in 
the room. | | 

But as a great quantity of cold air, in extreme cold wea- 
ther eſpecially, will preſently enter a room if the door be 
careleſly left open, it is good to have ſome contrivance to 
hut it, either by means of ſcrew hinges, a ng" or a 


pulley, 
When the nodding in the joints 1s all by and hard, 


get ſome powder of black-lead, (broken bits of black-lead 
crucibles from the ſilver- ſmiths, pounded fine, will do) and 

mixing it with a little rum and water, lay it on, when the 
plates are warm, with a hard bruſh, over the top and front- 
plates, part of the fide and bottom-plates, and overall the 
pointing; and, as it dries, rub it to a gloſs with the ſame 
bruſh, fo the joints will not be diſcerned, but it will look 
all of a piece, and ſhine like new iron. And the falſe back 
being plaiſter'd and white-waſh'd, and the hearth red- 
| den'd, the whole will make a pretty appearance. Before 
the black-lead is laid on, it would not be amiſs to waſh the 
' plates with ſtrong lee and a bruſh, or ſoap and water, to 
cleanſe them from any ſpots of greaſe or filth that may be 
on them. If any greaſe ſhould afterwards come on them, 
a little wet aſhes will get it out. 

If it be well ſet up, and in a tolerable good chimney, 
ſmoke will draw in from as far as the fore part of the bot- 


tom plate, as vn try by a bit of burning paper. 
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People are at firſt apt to make their rooms too warm, 
not imagining how little a fire will be ſufficient. When 


the plates are no hotter than that one may juſt bear the 


hand on them, the room will generally be as warm as you 
— it. 


Soon after 1 foregoing piece as publiſhed, 1 per- 
fons in England, in imitation of Mr Franklin's invention, 
made what they call Penſylvania Fire- places, with improve- | 
ments ; the principal of which pretended improvements is 
a contraction of the paſſages in the air-box originally de- 
frigned for admitting a quantity of freſh air, and warming 


it as it entered the room. The contracting theſe paſſages, 


gains indecd more room for the grate; but in a great meh. 
fare defeats their intention. For if the paſſages in the ain. 
box, da nut greatly exceed in dimenſions the amount of all the 
crevices by which cold air can enter the room, they will not 
confiderably prevent, as they were SAG: ta do, the entry of 
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F R O N 
Banyan FRAnELIN, EG 1 Philedapts 
* 0 
Dr 1 | £ at pros e 
SIR, Philadelphia, Marek a8; 29308 


SEND you encloſed a paper containing fome new 
experiments I have made, in purſuance” of thoſe' by 
Mr Canton that are printed with my laſt letters. 1 


hope theſe, with my A of —_— 2 7 afford 908 
ſome entertainment. 

In anſwer to your ſeveral enquiries. T * tubes anal 
globes we uſe here, are chiefly made here. The glaſs has 
a greeniſh caſt, but is clear and hard, and, I think, better 
for electrical experiments than the white glaſs of London, 

| which is not ſo hard. There are certainly great differen- 
ces in glaſs. A white globe I had made here ſome years 
ſince, would never, by any means, be excited. Two of 


my friends tried it, as well as myſelf, without ſucceſs, At 
length 


hs Sec page 155, for the paper here mentioned. 
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length, putting it on an electric ſtand, a chain from the 
prime- conductor being in contact with it, I found it had 
the properties of a non- electric; for I could draw ſparks 
from any part of it, though it was very clean and dry. 

All I know of Domien; is, that by his own account 
he was a native of Tranſyfoania, of Tartar deſcent, but a 
- Prieſt of the Greet church: He ſpoke and wrote Latin 
very readily and correctly. He ſet out from his own 
country with an intention of going round the world, as 
much as poſſible by land. He travelled through Germany, 
France, and Holland, to England. Reſided ſome time at 
Oxford. From England he came to Maryland ; thence 
went to New-England ; returned by land to Philadelphia; 
and from hence travelled through Maryland, Virginia, and 
North-Carolina to you. He thought it might be of ſervice 
to him in his travels to know ſomething of Electricity. 
I taught him the uſe of the tube; how to charge the Ley- 
den phial, and ſome other experiments. He wrote to me 
from Charles-Town, that he had lived eight hundred miles 
upon Electricity, it had been meat, drink, and cloathing 
to him. His laſt letter to me was, I think, from Jamaica, 
defiring me to ſend the tubes you mention, to meet him at 
the Havanab, from whence he expected to get a paſſage 
to La Vera Cruz ; deſigned travelling over land through 
Mexico to Acapulco; thence to get a paſſage to Manilla, 
and ſo through China, India, Perſſa, and Turkey, home to 
his own country; propoſing to ſupport himſelf chiefly by 
Electricity. A ſtrange project! But he was, as you ob- 

ET. 7 „„ 
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ferve, a very ſingular character. I was ſorry the tubes did 
not get to the Havanab in time for him: If they are ill 
in being, pleaſe to ſend for them, and accept of them. 


What became of him afterwards I have never heard. He 


promiſed to write to me as often as he could on his journey, 


and as ſoon as he ſhould get home after finiſhing his tour. 


It is now ſeven years ſince he was here. If he is ſtill in 
| New Spain, as you imagine from that looſe report, I ſup- 
poſe it muſt be that they confine him there, and prevent his 
writing: but I think it more likely that he may be dead. 
The queſtions you aſk about the pores of glaſs, I cannot 
anſwer otherwiſe, than that I know nothing of their na- 


ture; and ſuppoſitions, however ingenious, are often mere 


miſtakes. My hypotheſis, that they were ſmaller near 


the middle of the glaſs, too ſmall to admit the paſſage of 


Electricity, which could paſs through the ſurface till it 

came near the middle, was certainly wrong: For ſoon af- 
ter I had written that letter, I did, in order to confirm the 
| hypotheſis, (which indeed I ought to have done before I 
wrote it) make an experiment. I ground away five- ſixths 


of the thickneſs of the glaſs, from the fide of one of my 


phials, expecting that the ſuppoſed denſer part being ſo re- 
moved, the electric fluid might come through the remain- 
der of the glaſs, which I had imagined more open; but I 
found myſelf miſtaken. The bottle charged as well after 
the grinding as before. I am now, as much as ever, at a 
| loſs to know how or where the quantity of electric fluid, 
on the poſitive fide of the glaſs, is diſpoſed of. 
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As to the Abende of conductors, there is not hs 
this, that fome will conduct Electricity in ſmall quantities, 
and yet do not conduct it faſt enough to produce the 
ſhock ; but even among thoſe that will conduct a ſhock, 
there are ſome that do it better than others. Mr Kin- 
nerfley has found, by a very good experiment, that when 
the charge of a bottle hath an opportunity of paſſing two 
ways, 2. e. ſtrait through a trough of water ten feet long, 
and ſix inches ſquare; or round about through twenty 
feet of wire, it paſſes through the wire, and not through 
the water, though that is the ſhorteſt courſe ; the wire be- 
ing the better conductor. When the wire is taken away, 
it paſſes through the water, as may be felt by a hand 
' plunged in the water; but it cannot be felt in the water 
when the wire is uſed at the ſame time. Thus, though a 
| ſmall vial containing water will give a ſmart ſhock, one 
containing the ſame quantity of mercury will give one 
much ſtronger, the mercury being the better conductor; 
while one containing oil me will ſcarce give ny ſhock 
at all. | 

Your queſtion, how I came firſt to think of propoſing 


the experiment of drawing down the lightning, in order to 


aſcertain its ſameneſs with the electric fluid, I cannot an- 

ſwer better than by giving you an extract from the minutes 

I uſed to keep of the experiments I made, with memo- 

randums of ſuch as I purpoſed to make, the reaſons for 

making them, and the obſervations that aroſe upon them, 

from which minutes my letters were afterwards drawn. 
| 8 . By 
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By this extract you will ſee that the thought was not ſo 
much *© an out-of-the-way one,” but that it might have 
occurred to any electric... 

% Nov. 7, 1749. Electrical fluid agrees with lightning 
« in theſe particulars: 1. Giving light. 2. Colour of the 
« light. 3. Crooked direction. 4. Swift motion. 
* F. Being conducted by metals. 6. Crack or noiſe in 
te exploding. 7. Subſiſting in water or ice, 8, Rend- 


60 ing bodies it paſſes through. 9. Deſtroying animals, 
3 Melting metals. 11, Firing inflammable ſub- 


« ſtances. 12. Sulphureous ſmell.— The electric fluid is 
e attracted by points. —We do not know whether this 
e property is in lightning. —But ſince they agree in all 
« the particulars wherein we can already compare them, 
« is it not probable they agree | likewiſe i in this? Let the 
« experiment be made,” 

I wiſh I could give you any ſatisfaction I in the article of 
clouds. Iam ſtill at a loſs about the manner in which they 
become charged with Electricity; no hypotheſis I have 
yet formed perfectly ſatisfying me. Some time ſince, I 
heated very hot a braſs plate, two feet ſquare, and placed 
it on an electric ſtand, * From the plate a wire extended 
horizontally four or five feet, and, at the end of it, hung, 
by linnen threads, a pair of cork balls. I then repeatedly 
ſprinkled water over the plate, that it might be raiſed from 
it in vapour, hoping that if the vapour either carried off the 
electricity of the plate, or left behind it that of the water, 


(one of which I ſuppoſed it muſt do, if, like the clouds, 
Uu OO 
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it became electriſed itſelf, either poſitively or negatively) 
I ſhould perceive and determine it by the ſeparation of the 
balls, and by finding whether they were poſitive or ne- 
gative; but no alteration was made at all, nor could I 
perceive that the ſteam was itſelf electriſed, though I have 
ſtill ſome ſuſpicion that the ſteam was not fully examined, 
and I think the experiment ſhould be repeated. Whether 
the firſt ſtate of electriſed clouds is poſitive or negative, if I 
could find the cauſe of that, I ſhould be at no loſs about the 
other, for either is eaſily deduced from the other, as one 
ſtate is eaſily produced by the other. A ſtrongly poſitive 
cloud may drive out of a neighbouring cloud much of its 
natural quantity of the electric fluid, and, paſling by it, 
leave it in a negative ſtate. In the fame way, a ſtrongly 
negative cloud may. occafion a neighbouring cloud to draw 
into itſelf from others, an additional quantity, and, paſſing 
by it, leave it in a poſitive ſtate. How theſe effects may 
be produced, you will eafily conceive, on peruſing and 
conſidering the experiments in the encloſed paper: And 
from them too it appears probable, that every change from 
poſitive to negative, and from negative to poſitive, that, du- 
ring a thunder guſt, we ſee in the cork- balls annexed to. 
the apparatus, is not owing to the preſence of clouds in the 
ſame ſtate, but often to the abſence of poſitive or negative 
clouds, that, hav ing _ paſſed, leave ae rod in the oppo- 
ſite ſtate. 
: The knocking down of the fix men was 8 with 
two of my large jarrs not fully charged. I laid one end of 
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my diſcharging rod upon the head of the firſt; he laid 
his hand on the head of the ſecond; the ſecond his hand 
on the head of the third, and ſo to the laſt, who held, in 
his hand, the chain that was connected with the outſide of 
the jarrs. When they were thus placed, I applied the o- 
ther end of my rod to the prime- conductor, and they all 
dropt together. When they got up, they all declared they 
had not felt any ſtroke, and wondered how they came to 
fall; nor did any of them either hear the crack, or ſee the 
light of it. You ſuppoſe it a dangerous experiment; but 
I had once ſuffered the ſame myſelf, receiving, by accident, 
an equal ſtroke through my head, that ſtruck me down, 
without hurting me: And I had ſeen a young woman that 
| was about to be electrified. through the feet, (for ſome in- 
diſpoſition) receive a greater charge through the head, by 
inadvertently {tooping forward to look at the placing of 
her feet, till her forehead (as ſhe was very tall) came too 
near my prime- conductor: She dropt, but inſtantly got 
up again, complaining of nothing. A perſon ſo ſtruck, 
finks down doubled, or folded together as it were, the joints 
loſing their ſtrength and ſtiffneſs at once, ſo that he drops 
on the ſpot where he ſtood, inſtantly, and there is no pre- 
vious ſtaggering, nor does he ever fall lengthwiſe. Too 
great a charge might, indeed, kill a man, but I have not 
yet ſeen any hurt done by it. It would certainly, as you 
obſerve, be the eaſieſt of all deaths. 

The experiment you have heard ſo imperfect an ac- 
Count of, is merely this—T electrified a ſilver pint cann, 
5 h Uu 2 on 
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on an electrie ſtand, and then lowered into it a cork ball, 
of about an inch diameter, hanging by a ſilk ſtring, till the 
cork touched the bottom of the cann. The cork was not. 
attracted to the inſide of the cann as it would have been to 
the outſide, and though 1t touched the bottom, yet, when 
drawn out, it was not found to be electrified by that touch, 
as it would have been by touching the outſide. The fact 
is ſingular. You require the reaſon ; I do not know it. 
Perhaps you may diſcover it, and then you will be ſo good 
as to communicate it to me *. I find a frank acknow- 
ledgment of one's ignorance is not only the eaſieſt way to 
get rid of a difficulty, but the likelieſt way to obtain infor- 
mation, and therefore I practice it: I think it an honeſt 
policy. Thoſe who affect to be thought to know every 
thing, and ſo undertake to explain every thing, often re- 
main long ignorant of many things that others could 
and would inſtruct them in, if they appeared leſs conceited. 
The treatment your friend has met with is ſo common, 
that no man who knows what the world is, and ever has 
been, ſhould expect to eſcape it. There are every where 
a number of people, who, being totally deſtitute of any 
inventive faculty. themſelves, do not readily conceive that 
others may poſſes it: They think of inventions as of mi- 
racles; there might be ſuch formerly, but they are ceaſed. 
* Mr F. has ſince thought, that, poſſibly, the mutual 3 of the 
inner oppoſite ſides of the electriſed cann, may prevent the accumulating, 


an electric atmoſphere upon them, and occaſion it to ſtand chiefly on the 
outſide. But 3 it to the farther examination of the curious 


With. | 
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With theſe, every one who offers a new invention is deem'd 
a pretender: He had it from ſome other country, or from 
ſome book: A man of their own acquaintance; one who 
has no more ſenſe than themſelves, could not poſſibly, in 
their opinion, have been the inventer of any thing. They 
are confirmed, too, in theſe ſentiments, by frequent in- 
ſtances of pretenſions to invention, which vanity is daily 
producing. That vanity too, though an incitement to in- 
vention, is, at the ſame time, the peſt of inventors. Jea- 
louſy and Envy deny the merit or the novelty of your in- 
vention; but Vanity, when the novelty and merit are e- 
ſtabliſhed, claims it for its own. . The ſmaller your inven- 
tion is, the more mortification you receive in having the 
credit of it diſputed with you by a rival, whom the jea- 
louſy and envy of others are ready to ſupport againſt you, 
at leaſt ſo far as to make the point doubtful. It is not in 
itſelf of importance enough for a diſpute ; no one would 
think your proofs and reafons worth their attention: And 
yet if you do not diſpute the point, and demonſtrate your 
right, you not only loſe the credit of being in that inſtance 
ingenious, but you ſuffer the diſgrace of not being ingenu- 
ous ; not only of being a plagiary, but of being a plagiary 
for trifles. Had the invention been greater it would have 
diſgrac'd you leſs; for men have not ſo contemptible an 
idea of him that robs for gold on the highway, as of him 
that can pick pockets for half-pence and farthings. Thus 
through Envy, Jealouſy, and the Vanity of competitors for 
Fame, the origin of many of the moſt extraordinary inven- 

| tions, 
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tions, though produced within but a few centuries paſt, is 
involved in doubt and uncertainty, We ſcarce know to 
whom we are indebted for the compaſs, and for ſpectacles, 
nor have even paper and printing, that record every thing 
elſe, been able to preſerve with certainty the name and 
reputation of their inventors. One would not, therefore, 
of all faculties, or qualities of the mind, wiſh, for a friend, 
or a child, that he ſhould have that of invention. For his 
attempts to benefit mankind in that way. however well 
imagined, if they do not ſucceed, expoſe him, though very 
unjuſtly, to general ridicule and contempt ; and, if ada do 
ona: | to envy, robbery, and abuſe, 
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FR O M 
* Þ in, of London, 
5 TO | 
BEN]. FRANKLIN, Eſq: of Philadelphia. 


DEAR SIR, 
T is now near three years ſince I received your excel- 
lent Obſervations on the Increaſe of Mankind, &c*, in 


which you have with ſo much ſagacity and accuracy 


| ſhewn in what manner, and by what cauſes, that principal 


means of political grandeur is beſt promoted ; and have | 


ſo well ſupported thoſe juſt inferences you have occaſional- 


ly drawn, concerning the general ſtate of our American 


colonies, and the views and conduct of ſome of the inhabi- 
tants of Great- Britain. = Y 
You have abundantly proved that natural fecundity is 
hardly to be conſidered, becauſe the vis generandi, as far 
as we know, is unlimited, and becauſe experience ſhews 
that the numbers of nations is altogether governed by col- 
lateral cauſes, and among theſe none of ſo much force as 


* See page 197, | 
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quantity of ſubſiſtence, whether ariſing from climate, ſoil, 
improvement of tillage, trade, fiſheries, ſecure property, 
conqueſt of new countries, or other favourable circum- 
ſtances. 5 c 

As I perfectly concurred with you in your ſentiments on 
theſe heads, I have been very deſirous of building ſome- 
what on the foundation you have there laid; and was in- 
duced by your hints in the twenty-firſt ſection, to trouble 
you with ſome thoughts on the influence manners have al- 
ways had, and are always likely to have on the numbers 
of a people, and their political proſperity in general. 

The end of every individual is its own private good. 
The rules it obſerves in the purſuit of this good, are a ſyſ- 
tem of propoſitions, almoſt every one founded in authority, 
that is, derive their weight from the credit given to one or 
more perſons, and not from demonſtration. 

And this, in the moſt important as well as the other af. | 
fairs of life, is the caſe even of the wiſeſt and philoſophical 
part of the human ſpecies ; and that it ſhould be ſo is the 
leſs ſtrange, when we conſider that it is, perhaps, impoſſi- 
ble to prove, that being, or life itſelf, has any other value. 
than what is ſet on it by authority, 

A confirmation of this may be derived from the obſer- 
-vation, that in every country in the univerſe, happineſs is 
ſought upon a different plan ; and, even in the ſame coun- 
try, we ſee it placed by different ages, profeſſions, and 
ranks of men, in the attainment of enjoyments utterly un- 
like. | 

Theſe 
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| Theſe propoſitions, as well as others, framed upon 

them, become habitual by degrees, and, as they govern the 

determination of the will, I call them moral habits. 

| There are another ſet of habits that have the direction 

of the members of the body, that I call therefore mechani- 

cal habits, Theſe compoſe what we commonly call The 

Arts, which are more or leſs liberal or mechanical, as 

they more or leſs partake of . from the operations 
of the mind. 

The cumulus of the moral habits of each individual, is 

the manners of that individual; the cumulus of the manners 
of individuals makes up the manners of a nation. 

The happineſs of individuals is evidently the ahimans 
end of political ſociety ; and political welfare, or the 
ftrength, ſplendour, and opulence of the ſtate, have been 
always admitted, both by political writers, and the valua- 
ble part of mankind in general, to conduce to this end, and 
are therefore deſirable. 

The cauſes that advance or obſtruct any one of theſe 

three objects, are external or internal. The latter may be 
divided into phyſical, civil, and perſonal, under which laſt 
head I comprehend the moral and mechanical habits of 
mankind. The phyſical cauſes are principally climate, 
ſoil, and number of ſubjects ; the civil are government and 
laws ; and political welfare is always in a ratio compoſed 
of the force of theſe particular cauſes ; a multitude of ex- 
ternal cauſes, and all theſe internal ones, not only controul 
and qualify, but are conſtantly acting on, and thereby in- 
Xx ſenſibly 
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ſenſibly, as well as ſenſibly, altering one another, both for 


the better and the worſe, and. this not excepting we cli- 
mate itſelf. | 
The powerful efficacy of manners in increaſing a "ITY 
is manifeſt from the inſtance you mention, the Quakers; 
among them induſtry and frugality multiplies and extends 


the uſe of the neceſſaries of life ; to manners of a like kind are 
owing the populouſneſs of Holland, Switzerland, China, Ja- 
pan, moſt parts of Indian, &c. in every one of which the 


force of extent of territory and fertility of ſoil is multiplied, 
or their want compenſated by induſtry and frugality, 
Neither nature nor art have contributed much to the pro- 
duction of ſubſiſtence in Switzerland, yet we ſee fruga- 
lity preſerves, and even increaſes families that live on their 
fortunes, and which, in England, we call the Gentry ;. 


and the obſervation we cannot but make in the Southern 


part of this kingdom, that thoſe families, including all ſu- 
perior ones, are gradually becoming extinct, affords the 
cleareſt proof that luxury (that is, a greater ex pence of 
ſubſiſtence than in prudence a man ought to conſume) is. 
as deſtructive as a proportionable want of it; but in Scot- 


and, as in Switzerland, the Gentry, though one with a- 


nother they have not one-fourth of the i income, increaſe in 


number. 


And here I cannot help 3 by che by, how 
well founded your diſtinction is between the increaſe of 
mankind in old and new ſettled countries in general, and 


more particularly i in the caſe of families of condition. In: 


America: 
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America, where their expences are more confined to ne- 
ceſſaries, and thoſe neceſſaries are cheap, it is common to 
ſee above one hundred perſons deſcended from one living 
old man. In England it frequently happens, where a man 
has ſeven, eight, or more children, there has not been a 
deſcendant in the next generation, occaſioned by the diffi- 
culties the number of children has brought on the family, 
in a luxurious dear country, and which have prevented 
their marrying. | 

That this is more owing to luxury than meer want, ap- | 
pears from what I have ſaid of Scotland, and more plainly 
from parts of England remote from London, in moſt of 
which the neceſſaries of life are nearly as dear, in ſome dear- 
er than in London, yet the people of all ranks marry and 


breed up children. 
Again; among the lower ranks of life, none produce ſo 


few children as ſervants. This is, in ſome meaſure, to be 
attributed to their ſituation, which hinders marriage, but 
it is alſo to be attributed to their luxury, and corruption of 
manners, which are greater than among any other ſet of 
people in England, and is the conſequence of a nearer view 
of the lives and perſons of a ſuperior rank, than any inferi- 
or rank, without a proper education, ought to have. 

The quantity of ſubſiſtence in England has unqueſtio- 
nably become greater for many ages; and yet if the inha- 
bitants are more numerous, they certainly are not ſo in 
proportion to our improvement of the means of ſupport. 


| 1 am apt to think there are few parts of this kingdom that 
= 1 have 
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have not been at ſome former time more populous than at 
preſent. I have ſeveral cogent reaſons for thinking ſo, of 
great part of the counties I am moſt intimately acquainted 
with ; but as they were probably not all moſt populous at 
the ſame time, and as ſome of our towns are viſibly and 
vaſtly grown in bulk, I dare not ſuppoſe, as judicious men 
have done, that England is leſs peopled than heretofore. 
This growth of our towns is the effect of a change of 
manners, and improvement of arts, common to all Europe; 
and though it is not imagined that it has leſſened the coun- 
try growth of neceſſaries, it has evidently, by introducing 
a greater conſumption of them, (an infallible conſequence 
of a nation's dwelling in towns) counteracted the 288 of 
aur prodigious advances in the arts. 
But however frugality may ſupply the place of or prodi- 
gality counteract the effects of the natural or acquired ſub- 
ſiſtence of a country, induſtry is, beyond doubt, a more ef- 
ficacious cauſe of plenty than any natural advantage of ex- 
tent or fertility. I have mentioned inſtances of frugality 
and induſtry united with extent and fertility ; in Spain and 
Aſia minor, we ſee frugality joined to extent and fertility, 
without induſtry ; in Ireland we once ſaw the ſame ; Scot- 
land had then none of them but frugality. The change 
in theſe two countries is obvious to every one, and it is 
- owing to induſtry not yet very widely diffuſed in either. 
The effects of induſtry and frugality in England are 
ſurprizing ; both the rent and the value of the inheritance 
of land depend on them greatly more than on. nature, and 
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this though there is no conſiderable difference in the prices 
of our markets, Land of equal goodneſs lets for double 
the rent of other land lying in the ſame county, and there 
are many years purchaſe difference between different coun- 
ties, where rents are equally well paid and fecure. 
Thus manners operate upon the number of inhabitants, 
but of their filent effects upon a civil conſtitution, hiſtory 
and even our own experience, yields us abundance of 
proofs, though they are not uncommonly attributed to ex- 
ternal cauſes. ; Their ſupport of a government againſt ex- 
ternal force is ſo great, that it is a common maxim among 
the advocates of liberty, that no free government was ever 
diſſolved, or overcome, before the manners of its ſubjects 
were corrupted, 

The ſuperiority of Greece over Pert, was ſingly owing 
to their difference of manners; and that, though all natu- 
ral advantages were on the ſide of the latter, to which I 
might add the civil ones; for though the greateſt of all ci- 
vil advantages, Liberty, was on the fide of Greece, yet that 
added no political ſtrerigth to her, than as it operated on her 
manners, and, when they were corrupted, the reſtoration 
of their liberty by the Romans, overturned the remains of 
their power. | 5 

Whether the manners of ancient Rome were, at any pe- 
nod calculated to promote the happineſs of individuals, it 
is not my deſign to examine; but that their manners, and 


the effects of 8 manners on their government, and pub- 
lick 
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lick conduct, founded, enlarged, and ſupported, and aſter- 


werds overthrew their empire, is beyond all doubt. One 


of the effects of their conqueſt furniſhes us with a ſtrong 
proof how prevalent manners are, even beyond quantity of 


ſubſiſtence ; for, when the cuſtom of beſtowing on the ci- 


tizens of Rome. corn enough to ſupport themſelves and fa- 
' milies, was become eſtabliſhed, and Egypt and Sicily produ- 
ced the grain that fed the inhabitants of Taly, this became = 


leſs populous every day, and the Jus trium liberorum was 
but an expedient that could not balance the want of induſ- 


try and frugality. | 
But corruption of manners did not only thinthe inhabi- 


tants of the Roman empire, it rendered the remainder in- 


capable of defence, long before its fall, perhaps before the 
diſſolution of the Republic: ſo that without ſtanding diſci- 


plined armies compoſed of men, whoſe moral habits prin- 
cipally, and mechanical habits e made them dif- 


ferent from the body of the people, the Raman empire had 
been a prey to the Barbarians many ages before it was. 
By the mechanical habits of the ſoldiery, I mean their 


diſcipline, and the art of war; and that this is but a ſecon- 


dary quality, appears from the inequality that has in all ages 
been between raw, though well diſciplined armies, and ve- 
terans, and more from the irreſiſtible force of a ſingle mo- 
ral habit, Religion, has conferred on troops irequently nei- 


ther diſciplined nor experienced. 
The military manners of the Nobleſſe in France, com- 


poſe the chief force of that kingdom, and the enterprizing 


man- 
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manners, and reſtleſs diſpoſitions of the inhabitants of Ca- 
nada have enabled a handful of men to harraſs our popu- 
lous, and, generally, leſs martial colonies ; yet neither are 
of the value they ſeem at firſt fight, ant overbalanced 

by the defect they occaſion of other habits that would 
produce more eligible political good :* And military man- 
ners in a people are not neceſſary in an age and country 
where ſuch manners may be occaſionally formed and pre- 
| ſerved among men enough to defend the ſtate ; and ſuch 
a country is Great-Britain, where, though the "RY claſs 
of people are by no means of a military caſt, yet they 
make better ſoldiers than even the Noblefſe of France. 
The inhabitants of this country, a few ages back, were 
to the populous and rich provinces of France, what Cana- 
da is now to the Br:71fþ colonies. It is true, there was 
leſs diſproportion between their natural ſtrength ; but I 
mean that the riches of France were a real weakneſs oppo- 
ſed to the military manners founded upon poverty and a 
rugged diſpoſition, then the character of the Engh/h ; but 
it muſt be remembered, that at this time the manners of a. 
people were not diſtin& from that of their ſoldiery, for 
the uſe of ſtanding armies has deprived a military people: 
of the advantages they before had over others; and though 
it has been often ſaid, that civil wars give power, becauſe 
they render all men ſoldiers, I believe this has only been 
aps true in internal wars, following civil wars, and not 
in external ones bor now, in foreign wars, a ſmall army” 
wich ample means to: ſupport it, is of greater force than 
one 
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one more numerous, with leſs. This laſt fact has ofien 
happened between France and Germany. 


The means of ſupporting armies, and, conſequently, the 


power of exerting external ſtrength, are beſt found in the 
induſtry and frugality of the body of a people living un- 


der a government and laws that encourage commerce, for 
commerce is at this day almoſt the only /timulus that forces 
every one to contribute a ſhare of labour for the publick 
benefit. 

But ſuch che nin frame, and the world is ſo con- 


- ſtituted, "that i it is a hard matter to poſſeſs ones ſelf of a be- 


nefit, without Nos ones ſelf open to a loſs on ſome other 
ſide; ; thei improve ments of manners of one ſort, otten de- 
prave thoſe of another : Thus we ſee. induſtry and fruga- 


lity under the inffuence of commerce, which I call a com. 
mercial ſpirit, tend to deſtroy, as well as 2 the go- 


vernment it flouriſhes under. 3 
Commerce perfects the arts, but more e the mechanical 


than the liberal, and this for an obvious reaſon ; it ſoftens 
and enervates the manners. Steady virtue, and unbending 
integrity, are ſeldom to be found where a ſpirit of com- 
merce pervades every thing ; yet the perfection of com- 
merce is, that every thing ſhould have its price. We eve- 


ry day ſee its progreſs, both to our benefit and detriment 


here. Things that Boni mores are forbid to be ſet to fale, 
are become its objects, and there are few things indeed ex- 
tra commercium. The legiſlative power itſelf has been 


in commercio, and church livings are ſeldom given without 
CON» 


, * 
* 
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conſideration, even by ſincere Chriſtians, and for conſidera- 
tion not ſeldom to very unworthy perſons. The rudeneſs 
of ancient military times, and the fury of more mo- 
dern enthuſiaſtic ones, are worn off; even the ſpirit of fo- 


: renſic contention is aſtoniſhingly diminiſhed, all marks of 


manners ſoftening ; but Luxury and Corruption have taken 
their places, and ſeem the inſeparable companions of Com- 
merce and the Arts. | 

I cannot help obſerving, however, that this is much 
more the caſe in extenſive countries, eſpecially at their me- 
tropolis, than in other places. It is an old obſervation of 
politicians, and frequently made by hiſtorians, that ſmall 
ſtates always beſt preſerve their manners; whether this hap- 
pens from the greater room there is for attention in the 


legiſlature, or from the leſs room there is for Ambition 


and Avarice, it is a ſtrong argument, among others, againſt 
an incorporating union of the colonies in America, or even 
a federal one, that may tend to the future Pits them 
under one government. 

Their power, while united, is leſs, but their liberty, as 
well as manners, is more ſecure ; and, conſidering the little 


danger of any conqueſt to be made upon them, I had ra- 


ther they ſhould ſuffer ſomething through diſunion, than 


ſee them under a general adminiſtration leſs equitable than 


that concerted at Albany. 


I take it, the inhabitants of Pennſylvania are both frugal 


and induſtrious beyond thoſe of any province in America, 


If luxury ſhould ſpread, it cannot be W by laws. 
Y y We 
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We are told by Plutarch, that Plato uſed to ſay, It was a 
bard thing to make laws for the Cyrenians, a people abound- 
ing in plenty and opulence. 

But from what I ſet out with, it is evident, if I be not 
miſtaken, that education only can ſtem the torrent, and 
without checking either true induſtry or frugality, prevent 
the ſordid frugality and lazineſs of the old Jriſb, and many 
of the modern Scorch, (I mean the inhabitants of that 
country, thoſe who leave it for another being generally in- 
duſtrious) or the induſtry, mixed with luxury, of this ca- 
pital, from getting ground, and by rendering ancient man- 
ners familiar, produce a reconciliation between diſintereſt- 
edneſs and commerce; a thing we often ſee, but almoſt 
always in men of a liberal education. 

To conclude ; when we would form a people, ſoil and 
| Climate may be found, at leaft ſufficiently good: Inhabi- 
tants may be encouraged to ſettle, and even ſupported for 
a While; a good government and laws may be framed, 
and even arts may be eſtabliſhed, or their produce import- 
ed; but many neceſſary moral habits are hardly ever found 
among thoſe who voluntarily offer themſelves. in times of 
quiet at home, to people new colonies; beſides that the 
moral, as well as mechanical habits, adapted to a mother 
country, are frequently not ſo. to the new ſettled one, and 

to external events, many of which are always unforeſeen. 
Hence it is we have ſeen ſuch fruitleſs attempts to ſettle co- 
lonies, at an immenſe public and private expence, by ſeve- 


| e powers of 9 And it is particularly obſer- 
ern vable 
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vable that none of the Engliſb colonies became any way 
conſiderable, till the neceſſary manners were born and grew 
up in the county, excepting thoſe to which ſingular cir- 
cumſtances at home forced manners fit he the forming a 
new ſtate. 


I am, Sir, — Ry a es On 1: 
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F R O M 
Viejtiahi FRANKLIN, E/q; of Prep, 
＋ 0 
Dr . » at e South-Caralina. | 
= 1 R. New-York, April I4, 17 57. : 


T is a long time fince I had the pleaſure of a line 
from you; and, indeed, the troubles of our country, 
with the hurry of buſineſs I have been engaged in on. 

that account, have made me ſo bad a correſpondent, that, 1 
ought not to expect punctuality in others. 

But being about to embark tor England, I 8 not 
quit the Continent without paying my reſpects to you, 
and, at the ſame time, taking leave to introduce to your 

acquaintance a Gentleman of learning and merit, Colonel 
| Y 7 Henry 
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Henry 3 who does me the favour to preſent you | 
this "yes, ang with whom I am ſure you mt be much 
_ | 
n ING Diner; of: Glaſgow, wi 1 
to me ſome curious experiments of a phyſician of his ac- 
quaintance, by which it appeared, that an extraordinary 
degree of cold, even to freezing, might be produced by 
evaporation. |. I have not had leiſure to repeat and examine 
more than the firſt and eaſieſt of them, vis.—Wet the 
ball of a thermometer by a feather dipt in ſpirit of wine, 
which: has been kept in the ſame room, and has, of courſe, 
the ſame degree of heat or cold. The mercury ſinks pre- 
lently three or four degrees, and the quicker, if, during 
the evaporation, you blow on the ball with bellows; a ſe- 
eond' werting and blowing, when the mercury is down, 
carries it yet lower. I think I did not get it lower than 
fye:or:fix degrees from where it naturally ſtood, which 
was;:at that time, ſixty. But it is ſaid, that a veſſel of wa- 
ter being placed in another ſomewhat larger, containing 
ſpiritp in ſuch manner that the veſſel of water is fot 
pounded: with the fpirit, and both placed under the re. 
cciver of am air- pump; on exhauſting the air, the ſpirit, 
exvaporating leaves ſuch a degree of cold as to freeze the 
water, though the thermometer, in the open air, ſtands 
many degrets above the freezing point. 
know not how this phenomenon is to be accounted 
fbr but it/giveg:me vccaſion to mention ſome looſe noti- 
e TR Ny" which'F have for ſome time 


agra 2 En | 5 ener- 
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entertained, but not yet reduced into any form Allowing 
common fire, as well as electrical, to be a fluid capable of 
permeating other bodies, and ſeeking an equilibrium, Ii- 
magine ſome bodies are better fitted by nature to be con- 
ductors of that fluid than others; and that, generally, thoſe 
which are the beſt conductors of the electrical fluid, are 
alſo the beſt conductors of this; and e contra. | 

Thus a body which is a good conductor of fire, N ; 
receives it into its ſubſtance, and conducts it through the 
whole to all the parts, as metals and water do; and if two 
bodies, both good conductors, one heated, the other in its 
common ſtate, are brought into. conta& with each other, 
the body which has moſt fire, readily communicates of it 
to that which had leaſt, and that which had leaſt readily. 
receives it, till an equilibrium is produced. Thus if yon 
take a dollar between your fingers with one hand, and a 
piece of wood, of the ſame dimenſions, with the other, 
and bring both. at the ſame time to the flame of a candle, 


you will find yourſelf obliged to drop the dollar befort 


you drop the wood, becauſe it conducts the heat of the 
candle ſooner to your fleſh. Thus if a ſilver tea- pot had 
a handle of the ſame metal, it would conduct the heat from 
the water to the hand, and become too hot to be uſed 
we therefore give to a metal tea- pot a handle of wood, 
which is not ſo good a conductor as metal. But a china or 
ſtone tea · pot being in ſome degree of the nature of glaſs, 
which is not a good conductor of heat, may have a handle 
of the ſame ſtuff. 1 alſo, a *I moiſt air ſhall make 


a man 
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3 man more ſenſible. of cold, or chill him more than a dry 
air that is colder, becauſe a moiſt air is fitter to receive and 


: parts, it renders ſolids fluid, and at length diſſipates their 
Fa parts in air. Take this fluid from melted lead, or from 
Water, the parts cohere again, the firſt grows ſolid, the lat- 

ter becomes ice: And this is ſooner done by the means of 

good conductors. Thus if you take, as I have done, a 

ſquare bar of lead, four inches long, and one inch thick, 


ee dimenſions, and lay them, as in the margin, 
| 1s on a ſmooth board, fixt ſo as not to be eaſily 


- Feffithey form, as much melted lead as will fil 
— 70 it, you will ſee the melted lead chill, and 
become firm, on the ſide next the leaden 
| bn me time before it chills on the other three ſides 
in eontact with the wooden bars, though before the lead 


in the ſame room to the fame air. You will likewiſe ob- 
ſerve, that the leaden bar, as it has cooled the melted lead 
more than the wooden bars have done, ſo it is itſelf more 
heated by the melted lead. There is a certain quantity of 
© this fluid called fire, in every living human body, which 
fluid being in due proportion, keeps the parts of the fleſh 


»- 


conduct away the heat of his body. This fluid entering 
bodies in great quantity, firſt expands them, by ſeparating 
their parts a little, afterwards by farther ſeparating their 


_— with three pieces of wood planed to the fame 


2 ſeparated or moved, and pour into the cavity 


was poured in, they might all be ſuppoſed to have the 
' ſame degree of heat or coldneſs, as they had been expoſed _ 
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and blood, at ſuch a juſt diſtance from each other, as that 
the fleſh and nerves are ſupple, and the blood fit for cir- 
culation. If part of this due proportion of fire be con- 
ducted away by means of a contact with other bodies, as 
air, water, or metals, the parts of our ſkin and fleſh that 
come into ſuch contaR, firſt draw more near together than 
is agreeable, and give that ſenſation which we call cold; 
and if too much be conveyed away, the body ſtiffens, the 
blood ceaſes to flow, and death enſues. On the other 
hand, if too much of this fluid be communicated to the 
fleſh, the parts are ſeparated too far, and pain enſues, as 
when they are ſeparated by a pin or lancet. The ſenſation 
that the ſeparation by fire occaſions, we call heat, or burn- 
ing. My deſk on which I now write, and the lock of 1 | 
deſk, are both expoſed to the ſame temperature of the air, 
and have therefore the ſame degree of heat or cold; yet if 
J lay my hand ſucceflively on the wood and on the metal, 
the latter feels much the coldeſt, not that it is really ſo, but 
being a better conductor, it more readily than the wood 
takes away and draws into itſelf the fire that was in my 
ſkin. Accordingly if I lay one hand, part on the lock, 
and part on the wood, and after it had lain ſo ſome time, 
J feel both parts with my other hand, I find the part that 
has been in contact with the lock, very ſenſibly colder to 
the touch, than the part that lay on the wood. How a 
living animal obtains its quantity of this fluid called fire, is a 
curious queſtion. T have ſhewn that ſome bodies (as me- 


tals) have a "_ of * g it ſtronger than others; and 
] have 


Lore 
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I have ſometimes ſuſpected that a living body had ſome 
power of attracting out of the air, or other bodies, the 
heat it wanted. Thus metals hammered, or repeatedly 
bent, grow hot in the bent or hammered part. But when 
I conſider that air, in contact with the body, cools it; that 
the ſurrounding air is rather heated by its contact with the 
body; that every breath of cooler air drawn in, carries off 
part of the body's heat when it paſſes out again; that 
therefore there mult be in the body a fund for producing = 
it, or otherwiſe the animal would ſoon grow cold ; I have 
been rather inclined to think that the fluid fire, as well as 
the fluid air, is attracted by plants in their growth, and be- 
comes conſolidated with the other materials of which they 
are formed, and makes a great part of their ſubſtance : 
That when they come to be digeſted, and to ſuffer in the 
veſſels a kind of fermentation, part of the fire, as well as 
part of the air, recovers its fluid active ſtate again, and dif- 
fuſes itſelf in the body digeſting and ſeparating it : That the 
fire ſo reproduced, by digeſtion and ſeparation continually 
leaving the body, its place is ſupplied by freſh quantities, 
ariſing from the continual ſeparation. That whatever 
quickens the motion of the fluids in an animal, quickens 
the ſeparation, and reproduces more of the fire ; as exerciſe, 
That all the fire emitted by wood, and other combuſtibles, 
when burning, exiſted in them before, in a ſolid ſtate, be- 
ing only diſcovered when ſeparating. That ſome foſſils, 
as ſulphur, ſea-coal, &c, contain a great deal of ſolid fire: 
That ſome bodies are almoſt wholly ſolid fire; and that, 


i 


2 Phil oſophical Subjects. 347 


in ſhort, what eſcapes and is diſſipated in the burning of 
bodies, beſides water and earth, is generally the air and fire 
that before made parts of the ſolid. —Thus I imagine that 
animal heat ariſes by or from a kind of fermentation in the 
Juices of the body, in the ſame manner as heat ariſes in the 
liquors preparing for diſtillation, wherein there is a ſePa- 
ration of the ſpirituous, from the watry and earth} 
And it is remarkable, that the liquor in a diftiller's Vat, 
when in its higheſt and beſt ſtate of fermentation, as I have 
been informed, has the ſame degree of heat with the hu- 
man body; that is, about 94 or 96. 
Thus, as by a conſtant ſupply of fuel in a chimney, you 
keep a warm room, ſo, by a conſtant ſupply of food in the 
ſtomach, you keep a warm body ; only where little exer- 
ciſe is uſed, the heat may poſſibly be conducted away too 
faſt; in which caſe ſuch materials are to be uſed for cloath- 
ing and bedding, againſt the effects of an immediate con- 
tact of the air, as are, in themſelves, bad conductors of heat, 
and, conſequently, prevent its being communicated thro” 
their ſubſtance to the air. Hence what is called warmth 
in wool, and its preference, on that account, to linnen ; 
wool not being ſo good a conductor: And hence all the 
natural coverings of animals to keep them warm, are 
ſuch as retain and confine the natural heat in the body, by 
being bad conductors, ſucras wool; hair, feathers, and the 
flilk by which the ſilk-Werm, i in its tender embrio ſtate, is 
firſt cloathed. Cloathing, thus conſidered, does not make 


| man warm by giving warmth, but by preventing the 
| Z K | - too 
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too quick diſſipation of the heat produced i in his body, and 
ſo occafioning an accumulation. 

There is another curious queſtion I will juſt venture to 
touch upon, viz. Whence ariſes the ſudden extraordinary 
degree of cold, perceptible on mixing ſome chemical li- 
quors, and even on mixing ſalt and ſnow, where the com- 
poſition appears colder than the coldeſt of the ingredients? 

I have never ſeen the chemical mixtures made, but falt and 

now I have often mixed myſelf, and am fully ſatisfied that 
the compoſition feels much colder to the touch, and low- 
ers the mercury in the thermometer more than either in- 
gredient would do ſeparately. I ſuppoſe, with others, that 
cold is nothing more than the abſence of heat or fire. 

Now if the quantity of fire befote contained or diffuſed in 
the ſnow and falt, was expelled in the uniting of the two 
matters, it muſt be driven away either through the air or 
the veſſel containing them. If it is driven off through the 
air, it muſt warm the air, and a thermometer held over the 
mixture, without touching it, would diſcover the heat, by 
the riſing of the e as it muſt, and always does in 
warm air. 

This, indeed, I have not tried, but I ſhould ey it 
would rather be driven off through the veſſe}, eſpecially if 
the veſſel be metal, as being a better conductor than air; 
and ſo one ſhould find the baſon warmer after ſuch mix- 
ture. But, on the contrary, the veſſel grows cold, and even 
water in which the veſſel is ſometimes placed for the ex- 
| en freezes into hard ice on the baſon. Now I know | 


not 
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not how to account for this, otherwiſe than by ſuppoſing 
that the compoſition is a bo conductor of fire than the 
ingredients ſeparately, and, like the lock compared with 
the wood, has a ſtronger power of attracting fire, and does 
accordingly attract it ſuddenly from the fingers, or a ther- 
mometer put into it, from the baſon that contains it, and 
from the water in contact with the outſide of the baſon ; 


ſo that the fingers have the ſenſation of extreme cold, by 


being deprived of much of their natural fire; the thermo- 
meter ſinks, by having part of its firedrawn out of the mer- 


cury ; the baſon grows colder to the touch, as by having its 


fire drawn into the mixture, it is become more capable of 
drawing and receiving it from the hand; and through the 
baſon, the water loſes its fire that kept it fluid; ſo it be- 
comes ice. One would expect that from all this attracted 
acquiſition of fire to the compoſition, it ſhould become war- 


mer; and, in fact, the fnow and ſalt diſſolve at the fame 1 


time into water, without freezing, 


I on, Sir, le. + | X26 1 B. F. 
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FROM 


| Bunyan Pawel, Eg; of Philadelphia, 


0 | 
Peres CoLLINSON, E/q; at London. 


SIR. 


CCORDING to your l I now ſend you the 
Arithmetical Curioſity, of which this is the hiſtory. 

. one day in the country, at the houſe of our com- 
mon friend, the late learned Mr. Lagan, he ſhewed me a folio 
French book, filled with magic ſquares, wrote, if I forget 
not, by one M. Frenicle, in which he ſaid the author had 
_ diſcovered great ingenuity and dexterity- in the manage- 
ment of numbers; and, though ſeveral other foreigners had 
diſtinguiſhed themſelves in the ſame way, he did not re- 
collect that any one Engly/bmen had done my thing of 
the kind remarkable. 

I faid, it was, perhaps, ere TSP A; our 
Engliſb mathematicians, that they would not ſpend their 
time in things that were merely difficiles nuge, Incapable 
of any uſeful application. He anſwered, that many of the 
arithmetical or mathematical queſtions, publickly propoſed 
Ss | | „ and 
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and anſwered in Ergland, were equally trifling and uſeleſs. 
Perhaps the conſidering and anſwering ſuch queſtions, I 


replied, may not be altegether uſcleſs, if it produces by 
practice an habitual readineſs and exactneſs in mathemati- 


cal diſquiſitions, which readineſs may, on many occaſions, 
be of real uſe. In the ſame way, ſays he, may the making 
of theſe ſquares be of uſe. I then confeſſed to him, that 

in my younger days, having once ſome leiſure, (which 1 
ſtill think J might have employed more uſefully) I had a- 
muſed myſelf in making theſe kind of magic ſquares, and, 
at length, had acquired ſuch a knack at it, that I could fill 
the cells of any magic ſquare, of reaſonable ſize, with a ſe- 
ries of numbers as faſt as I could write them, diſpoſed in 
ſach a manner, as that the ſums of every row, horizontal, 
perpendicular, or diagonal, ſhould be equal; but not be- 
ing ſatisfied with theſe, which I looked on as common and 
caſy things, I had impoſed on myſelf more difficult taſks, * 
and ſucceeded in making other magic ſquares, with a va- 
riety of properties, and much more curious. He then 
| ſhewed me ſeveral in the ſame book, of an uncommon and 
more curious kind; but as I thought none of them equal 
to ſome I remembered to have made, he deſired me to let 
him ſee them; and accordingly, the next time ] viſited 
him, I carried him a ſquare of 8, which I found among my 
old papers, and which I will now give you, with an ac- 


Count of its properties. 0 See Plate IV.) & 
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The properties are, 


1. That every ſtrait row (horizontal or vertical) of 8 
numbers added pr, makes 260, and half — row 


half 260, 
2. That the bent row of 8 e 3 and de- 


ſcending diagonally, viz. from 16 aſcending to 10, and 
from 23 deſcending to 17 ; and every one of its parallel 
dent rows of 8 numbers, make 260.—-Alſo the bent row 
from 52, deſcending to 54, and from 43 aſcending to 45 
and every one of its parallel bent rows of 8 numbers, make 
260.—Alſo the bent row from 45 to 43 deſcending to the 
leſt, and from 23 to 17 deſcending to the right, and every 
one of its parallel bent rows of 8 numbers make 260.— 
Alſo the bent row from 52 to 54 deſcending to the right, 
and from 10 to 16 deſcending to the left, and every one of 
its parallel bent rows of 8 numbers make 260.-Alſo the 
parallel bent rows next to the above-mentioned, which are 
fhortened to 3 numbers aſcending, and 3 deſcending, &c, 
as from 53 to 4 aſcending, and from 29 to 44 deſcending, 
make, with the 2 corner numbers, 260.—Alſo the 2 num 
bers 14, br aſcending, and 36, 19 deſcending, with the 
lower 4 numbers ſituated like them, viz. 50, I, deſcend. 
ing, and 32, 47, aſcending, make 260.—And, laſtly, the 
4 corner numbers, with the 4 middle numbers, make 260. 
So this magical ſquare ſeems perfect in its kind. But 
" theſe are not all its properties; there are 5 other curious 


ones, which, at ſome other time, I will explain to you. 
5 8 | Mr. 
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Mr. Logan then ſhewed me an old arithmetical book, 
in quarto, wrote, I think, by one Stifelius, which contain=-- 
ed a ſquare of 16, that he ſaid he ſhould imagine muſt 
have been a work of great labour; but if I forget not, it 
had only the common properties of making the ſame ſum, 
VIS. 20 56, in every row, horizontal, vertical, and diagonal. 
Not willing to be out-done by Mr Stifelius, even in the ſize. 


of my {quare, I went home, and made, that evening, the 


following magical ſquare of 16, which, beſides having all 
the properties of the foregoing ſquare of 8, i. e. it would 
make the 20 56 in all the ſame rows and diagonals, had 
this added, that a four ſquare hole being cut in a piece of 
paper of ſuch a ſize as to take in and ſhew through it, 
juſt 16 of the little ſquares, when laid on the greater 
{quare,. the ſum of the 16 numbers ſo appearing through 
the hole, wherever it was placed on the greater ſquare, 
ſhould likewiſe make 8056. This I ſent to our friend 
the next morning, who, after ſome days, ſent it back in a 


letter, with theſe words: return to thee thy aſto- 


e niſhing or moſt ſtupendous piece of the magical ſquare; 
in which” — but the compliment is too extrava= 
gant, and therefore, for his ſake, as well as my own, I 
ought not to repeat it. Nor is it neceflary ; for I make 
no queſtion but you will readily allow this ſquare of 16 to be 
the moſt magically magical of any magic 1quare ever made 
by any magician, ' {See the Plate.) 


9 
- & 4% . 
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I did not, however, end with ſquares, but compoſed al- 
ſo a magick circle, conſiſting of 8 concentric circles, ang 
8 radial rows, filled with a ſeries of numbers, from 12 to 
75, incluſive, fo diſpoſed as that the numbers of each circle, 
or each radial row, being added to the central number 12, 
they made exactly 360, the number of degrees in a circle; 
and this circle had, moreover, all the properties of the 
- fquare of 8. If you defire it, I will ſend it; but at preſent, 


I —_— you have enough on this ſubject. 
| 4 _ Sc. B. F. 


LETTER XXVIII. 
To the lame. 


S TR, 


AM glad the peruſal of the nk ſquares afforded 
1 you any amuſement, now ſend you the magical 
circle, (See Plate V.) | 
Its properties, beſides thoſe mentioned in wy former, 
are theſe. © 
_ Half the nomber i in any bl row, added with half the 
central number, make 280, dit to the number of degrees 


in a a ſemi - circle. 
Alſo 
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Alſo half the numbers in any one of the concentric cir- 
cles, taken either above or below the horizontal double 
line, with half the central number, make 180. 

And if any four adjoining numbers, ſtanding nearly in a 
ſquare, be taken from any part, and added with half the 


central number, they make 180. 


There are, moreover, included four other ſets of circu- 
lar ſpaces, excentric with reſpect to the firſt, each of theſe 
ſets containing five ſpaces. The centers of the circles 


that bound them, are at A, B, C, and D. Each ſet, for 


the more eaſy diſtinguiſhing them from the firſt, are drawn 
with a different colour'd ink, red, blue, green, and yellow *. 

| Theſe ſets of excentric circular ſpaces interſe& thoſe of 
the concentric, and each other; and yet the numbers con- 
tained in each of the twenty excentric ſpaces, taken all a- 


round, make, with the central number, the ſame ſum as 


thoſe in each of the 8 concentric, viz. 360. The halves, 
alſo of thoſe drawn from the centers A and C, taken above 
or below the double horizontal line, and of thoſe drawn 


from centers B and D, taken to the right or left of the ver- 


tical line, do, with half the central number, make juſt 180. 
It may be obſerved, that there is not one of the numbers 


but what belongs at leaſt to two of the different circular 
| ſpaces; ſome to three, ſome to four, ſome to five; and yet 


they are all ſo FROM as never to break the required num- 


* In the plate they are diſtinguiſhed by daſhed or dotted a hes, as dif- | 
ferent as the * well make them. 


Aar 2 ber 


— ————ůů— — — n — 
Rar £0 Fr _ "TI IVY 
| ne - L 


> DES 
3 . 
2 


— — — — —— —— — ated 
4 85 345 — "I \ FR 
23'S - — * 8 bY 
233 


e 2 
, A 2 

— ** 1 * 
2 


356 LETTER and Pa RRS 


ber 360, in any of the 28 circular ſpaces within the pri- 


mitive circle. 


Theſe interwoven circles make ſo perplexed an appear- 


ance, that it is not eaſy for the eye to trace every circle of 


numbers one would examine, through all the maze of cir- 


cles interſected by it; but if you fix one foot of the com- 
-paſſes in either of the centers, and extend the other to any 
number in the circle you would examine belonging to that 
center, the moving foot will point the others. out, by paſ- 


ſing round over all the numbers of that circle ſucceſſively. 
Tam, GS. B. F. 


LETTER XXIX. 


To the ſame. 


Dear Sir, Philadelphia, Aug. 25, 175 F. 
8 you have my former papers on Whirlwinds, &c.. 
I now ſend you an account of one which I had 
lately an opportunity of ſeeing and examining myſelf. 
Being in Maryland, riding with Col. Taſer, and ſome 


other gentlemen to his country-ſeat, where I and my fon 
were entertained by that amiable and worthy man, with 


oreat hoſpitality and kindneſs, we ſaw in the vale below 


us, a fmall whirlwind beginning in the road, and ſhewing 


itſelf by the duſt it raiſed and contained. It appeared in 
| | . | the 
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the form of a ſugar-loaf, ſpinning on its point, moving up 
the hill towards us, and enlarging as it came forward. 
When it paſſed by us, its ſmaller part near the ground, ap- 
peared not bigger than a common barrel, but widening up- 
wards, it ſeemed, at 40 or 50 feet high, to be 20 or 30 
feet in diameter. The reſt of the company ſtood looking 
after it, but my curioſity being ſtronger, I followed it, rid- 
ing cloſe by its fide, and obſerved its licking up, in its 
progreſs, all the duſt that was under its ſmaller part. As 
it is a common opinion that a ſhot, fired through a water- 
ſpout, will break it, I tried to break this little whirl- 

wind, by ſtriking my whip frequently through it, but 
without any effect. Soon after, it quitted the road and 
took into the woods, growing every moment larger and 

| ſtronger, raiſing, inſtead of duſt, the old dry leaves with 
which the ground was thick covered, and making a great 
noiſe with them and the branches of the trees, bending 
ſome tall trees round in a circle ſwiftly and very ſurpriz- 
ingly, though the progreſſive motion of the whirl was not 
ſo ſwift but that a man on foot might have kept pace with 
it, but the circular motion was amazingly rapid. By the 
leaves it was now filled with, I could plainly perceive that 
the current of air they were driven by, moved upwards in 
a ſpiral line; and when I ſaw the trunks and bodies of 

large trees invelop'd in the paſſing whirl, which continued 
intire after it had left them, I no longer wondered that 
my whip had no effect on it in its ſmaller ſtate, I accom- 
Aaaz n 
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panied it about three quarters of a mile, till ſome limbs of 
dead trees, broken off by the whirl, flying about, and 
falling near me, made me more apprehenfive of danger ; 
and then I ſtopped, looking at the top of it as it went on, 
which was viſible, by means of the leaves contained in it, 
for a very great height above the trees. Many of the leaves, 
as they got looſe from the upper and wideſt part, were ſcat- 
tered in the wind ; but ſo great was their height in the air, | 
that they appeared no bigger than flies. My ſon, who 
Was, by this time, come up with me, followed the whirl- - 
wind till it left the woods, and croſſed an old tobacco-field, 
where, finding neither duſt nor leaves to take up, it gradu- 
ally became inviſible below as it went away over that field. 

The courſe of the general wind then blowing was along 
with us as we travelled, and the progreſſive motion of the 
whirlwind was in a direction nearly oppoſite, though it 
did not keep a ſtrait line, nor was its progreſſive motion. 
uniform, it making little ſallies on either hand as it went, 
. proceeding ſometimes faſter, and ſometimes ſlower, and 
ſeeming ſometimes for a few ſeconds almoſt ſtationary, 
then ſtarting forwards pretty faſt again. When we re- 
Joined the company, they were admiring the vaſt height 
of the leaves, now brought by the common wind, over our 
heads, Theſe leaves accompanied us as we travelled, 
ſome falling now and then round about us, and ſome not 
reaching the ground till we had gone near three miles from 
the place where we firſt ſaw the whirlwind begin, Upon 
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my aſking Col. Teſter if ſuch whirlwinds were common 


in Maryland, he anſwered pleaſantly, No, not at ail com- 
mon ; but we got this on purpoſe to eat Mr. lin 
And a vary high treat it was, to | 
Dear Sir, | 
Your affectionate friend, 
and humble ſervant 
| BE. 


* E T T E R XXX. 


T 0 
Journ a: M. D. and F. R. S. 


S Craven- ſtreet, Dec. 21, 17 57. 
N compliance with your requeſt, I ſend you the follow- 


ing account of what I can at preſent recollect relating 


to the effects of electricity in paralytic caſes, which have 
fallen under my obſervation. 


| Some years ſince, when the news-papers 1555 mention 
of great cures performed in Taly and Germany, by means of 


electricity, a number of paralytics were brought to me 
from different parts of Penſylvania, and the neighbouring 
provinces, to be electriſed, which I did for them at their 
requeſt. method was, to place the patient firſt in a 

chair, 


1 
j 
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chair, on an electric ſtool, and draw a number of large 
ſtrong ſparks from all parts of the affected limb or ſide. 
Then I fully charged two ſix-gallon glaſs jars, each of 
which had about three ſquare feet of ſurface coated; and 
I ſent the united ſhock of theſe through the affected limb 
or limbs, repeating the ſtroke commonly three times each 
. day. The firſt thing obſerved, was an immediate great- 
er ſenſible warmth in the lame limbs that had received the 
ſtroke, than in the others; and the next morning the pa- 
tients uſually related, that they had in the night felt a 
pricking ſenſation in the fleſh of the paralytic limbs ; and 
would ſometimes ſhew a number of ſmall red ſpots, which 
they ſuppoſed were occaſioned by thoſe prickings. The 
limbs, too, were found more capable of voluntary motion, 
and ſeemed to receive ſtrength. A man, for inſtance, who 
14 could not the firſt day lift the lame hand from off his knee, 
_ | would the next day raiſe it four or five inches, the third 
| day higher; and on the fifth day was able, but with a 
T4 feeble languid motion, to take off his hat. Theſe appear- 
_ aaäladöaances gave great ſpirits to the patients, and made them hope 
1:0 a perfect cure; but I do not remember that I ever ſaw a- | 
ny amendment after the fifth day; which the patients per- 
ceiving, and finding the ſhocks pretty ſevere, they became 
diſcouraged, went home, and in a ſhort time relapſed ; 
ſo that I never knew any advantage from electricity in 
palſies that was permanent. And how far the apparent 
temporary advantage might ariſe from the exerciſe in the 
= Þ#. os patients 
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patients journey, and coming daily to my houſe, or from 
the ſpirits given by the hope of ſucceſs, enabling them to 
exert more ſtrength in moving their limbs, I will not pre- 


tend to ſay. 


Perhaps ſome permanent advantage might have been ob- 


tained, if the electric ſhocks had been accompanied with 
proper medicine and regimen, under the direction of a 
{kilful phyſician, It may be, too, that a few great ſtrokes 
as given in my method, . may not be ſo proper as many 
ſmall ones; ſince, by the account from Scotland, of a caſe, 
in which two hundred ſhocks from a phial were given 
daily, it ſeems, that a perfect cure has been made. As to 
any uncommon ſtrength ſuppoſed to be in the machine 
_ uſed in that caſe, I imagine it could have no ſhare in the ef- 
fect produced; ſince the ſtrength of the ſhock from 


charged glaſs, is in proportion to the quantity of ſurface 


of the glaſs coated; ſo that my ſhocks from thoſe large 
jars, muſt have been much greater than any that could be 
received from a phial held in the hand, 


I am, wie great re ſpect, 
| SIR, 
Your moſt obedient Servant, 
B. F. 
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x: , Tf 0 the ſame. 


* 
1 | 4 £3524 
2 SLIDE YN A 34 5 HB. e © ww 5 4 


STR, e om Jan. 6, 17 58. 
Return Mr. Mircbell's paper on the ſtrata of the earth“ 
with thanks. The reading of it, and peruſal of t 
draft that dccompanies it, have reconciled me to th 
convulſiens Which all naturaliſts agree this globe has ſuf- 
 fefed, Had-the different ſtrata of clay, gravel, marble, 
Cdals, Vine-ſtone, ſand, minerals, &c. continued to lie le- 
vel, one under the other, as they may be ſuppoſed to have 
done before thoſe convulſions, we ſhould have had tlie 
ate only of few of the uppermoſt of the ſtrata, the others 
lyin ing too deep and too difficult to be come at; but the 
ſhell of the earth” being broke, and the PEPIN f thrown | 
hito this oblique poſition, the digjointed ends of a great 
number of ſtrata of different kinds are brought up to digg 
und a great variety of uſeful materials put info our power, 
which would otherwiſe have remained eternally conceated 
from us. 80 that what has been uſually looked upon 48 4 
ruin ſuffered by this patt of the univerſe, was, in reality; . 
_bulx! or means of rendering the earth more 
fit fore, more capable of being to 1 4 x convent | 
ent and comfortable habitation. 0 0 
1 ann, Sir, with great deem, te % B. N 


1 956 this Pa _ afterwards printed in the Philoſophical Tranſaftions. 
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LEFT EM R XXXII. 
: T o Dr. L. of a i South-Carolina. 


Dear Sir, | London, June 17, 17 58. 

Ni a former letter I mentioned the experiment for cool- 
ing bodies by evaporation, and that I had, by repeat- 
edly wetting the thermometer with common ſpirits, 
brought the mercury down five or fix degrees. Being 
lately at Cambridge, and mentioning this in converſation 
with Dr. Hadley, profeſſor of chemiſtry there, he propoſed 
repeating the experiments with ether, inſtead of common 
ſpirits, as the ether is much quicker in evaporation. We 
accordingly went to his chamber, where he had both 
ether and a thermometer. By dipping firſt the ball of the 
thermometer into the ether, it appeared that the ether way 
| preciſely of the ſame temperament with the thermometer, 
which ſtood then at 65; for it made no alteration in the 
height of the little column of mercury. But when the 
thermometer was taken out of the ether, and the ether 
with which the ball was wet, began to evaporate, the mer- 
. cury ſunk ſeveral degrees. The wetting was then repeated 
by a feather that had been dipped into the ether, when the 
mercury ſunk till lower. We continued this operation, 
one of us wetting the ball, and another of the company 
* b b i blowing 


364 LAT TERS and PAPERS 
blowing on it with the bellows, to quicken the evaporati- 
on, the mercury ſinking all the time, till it came down to 
7, which is 25 degrees below the freezing point, when we 
left off. —Soon after it paſſed the freezing point, a thin coat 
of ice began to cover the ball; Whether this was water 
collected and condenſed by the coldneſs of the ball, from 
the moiſture in the air, or from our breath; or whether 
the feather, when dipped into the ether, might not ſome- 
times go through it, and bring up ſome of the water that 
was under i it, I am not certain; perhaps all might contri- 
bute. The ice continued increaſing till we ended the 
experiment, when it appeared near a quarter of an inch 
thick all over the ball, with a number of ſmall ſpicula, 
pointing outwards, From this experiment one may ſee 
the poſſibility of freezing a man to death on a warm ſum- 
mer's day, if he were to ſtand in a paſſage thro' which 
the wind blew briſkly, and to be wet frequently with e- 
| ther, a ſpirit that. is more W than Ts. or 
common ſpirits of wine. 

It is but within theſe few years, that the European 8 
lofophers ſeem to have known this power in nature, of 
cooling bodies by evaporation. But in the caſt they have 
long been acquainted with it. A friend tells me, there is 
a paſſage in Bermer'stravels through Indoſtan, written near 
one hundred years ago, that mentions it as a practice (in 
travelling over dry deſarts in that hot climate) to carry wa- 


0 ter in flaſks __ in wet woollen cloths, and hung on the 
Ny 
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ſhady fide of the camel, or carriage, but in the free air; 


whereby, as the cloths gradually grow drier, the water con- 


tained in the flaſks is made cool. They have likewiſe a 


kind of earthen pats, unglaz d, which let the water gradu- 


ally and ſlowly ooe through their pores, ſo as to keep the 
eutſide a littla wet, notwithſtanding the continual cvapora- 
tion; which gives great coldneſs to the veſſel, and the wa- 


ten contained in it. Even our common ſailors ſeem to 


have had ſome notion of this property; for I remember, 
that being at: ſea, When I was. a youth, 1 Obſerved one of 
the: ſailors, during a ealm in the night, often wetting his 


finger in his mauth, and then holding it up in the air, to 


diſcover, asche ſaid, if the air had any mation, and from 


which ſide it came; and this he expected to, do, by find- 


ing ane ſide of his finger grow ſuddenly, cold, and from 
that ſide he ſhould look for the dert wind; which I then 
laughed at as a fan. 

May not ſeveral, ane 1 ——_ 4 or 


unaccounted for, be explained by this prqperty 5 During 


the hot Sunday at Pluladelpbis, in June 4759, when the 


thermometer; was up at 100 in the ſhadę, fat in my 


chamber without exerciſe, only reading or weiting, with 


no other cloathg on than a ſhipt, and a pair of long linen 


drawers, the, windows all open, and a briſk Wind blowing 
through the houſe, the ſweat. ran off the backs of my 
hands, and my Mitt Was often o Wet, as to induce me to 


call for * ones to put on; in this ſituation, one might 


Bbba have 
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ye expected, that the natural heat of the body 96, added 
oth heat of, the air 100. ſhould jointly have created or 
produced a much greater degree of heat in the body; but 
the fact was, that my body never grew ſo hot as the air that 
ſurrounded it, or the inanimate bodies immers'd in the ſame 
Alf, For I remember well, that the deſk, when I laid my 
m upon it ;. a chair, when. I fat down in it; and a dry 


242 


ſhirt out of the drawer, when I put it on, all felt exceeding 


arm] to me, as if they had been warmed before a fire. 


And I ſuppoſe a dead body would have acquired the tem- 
Pgrature gf the air, though. a living one, by continual 
Gyeating,'apd. by the evaporation of that ſweat, was kept 
cold - Meyt not this be a reaſon why our reapers in Pen- 
Hama Working in the open field, in the clear hot ſun- 
ſhine. common in our harveſt- time *, find themſelves well 
able to go through that labour, without being much incom- 
moded by the heat, while they continue to ſweat, and 
while they ſupply matter for. keeping up that | ſweat, hy 
drinking frequently of A thin eyaporable liquor, Water 
mixed with rum; but if the ſweat ſtops, they drop, and 
ſometimes die ſuddenly, if a ſweating is not again brought 
on by drinking that liquor, or, as ſome rather chuſe in that 
caſe, a kind of hot Punch made with water, mixed with 


* Penſylvanis is in about lat. 40, and the ſun, of cd, about 12 
degrees higher, and therefore much hotter than in England. Their har- 


veſt is about the end of June, or E of Juh, when the ſun is 


nearly at the higheſt, 
honey, 
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honey, and a conſiderable proportion of vinegar ? May 
there not be in negroes a quicker evaporatiom of the perſpi- 
rable matter from their ſkins and lungs, which, by cool- 
ing them more, enables them to bear the ſun's heat better 
than whites do? (if that is a fact, as it is ſaid to be; for 
the alledg'd neceſſity of having negroes rather than whites, 
to work in the Ves. India fields, is founded upon it) 
though the colour of their ſkins would otherwiſe make 
them more ſenſible of the ſun's heat, ſince black cloth 


Heats much ſooner; and more, in the ſun, than white 8th. 5 


Tam perſuaded; from ſeveral inſtances happening within 
my knowledge, that they do not bear cold weather ſo Well 
as the whites; they will periſh when expoſed to à leſs de- 
grek of it; and are more apt to have their limbs froſt. bitten; 


and may not this be from the ſame cauſe? Wüdld net tlie | 


earth grow much hotter under the ſum mer fün, i à e6h- 


ſtant evaporation from its ſurface, greater as the ſum ſtiines 


| ſtronger, did not, by tending to cool it; balance; in fertie 
Gegree, the warmer effects of the ſun's rays 1s it not 
owing tö the conſtant evaporation from the furface of e- 


very leaf, that trees, though fhone on by the ſun, are al- 


ways, even the leaves themſelves, cool to bur fenſe'? at leaſt 
much cooler. than they would otherwiſe be? May it not 
be owing to this, that fanning ourſelves when warm, does 
really cool us, though the air is itſelf warm that we drive 
with the fan upon our faces; for the atmoſphere round, 
and next to our * having imbibed as much of the 
| perſpired 
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perſpired vapour as it can well contain, receives no more, 
and the evaporation is therefore check d and retarded, till 
we drive away that atmoſphere, and bring. Uryer air in its 
place, that will receive the vapour, and thereby facilitate 
and WF the evaporation ? Certain it is, that mere 
blowing of air on a dry body does not cool it, as any one 
may ſ Sp aldlk by blowing with a bellows on the dry 
ball of a thermometer; the mercury will not fall; if 
it moves at All, it rather riſes, as being warmed by the 
friction of. the air Fn on its ſurface To theſe queries of i- 
magination, .I, will only add one pratical obſervation þ 
| that x wherever 3 it is thought proper to give caſe, in caſes of 
painful i in flammation in the fleſh, (as from burnings, or the 
ke) by « C voling the part; linen cloths, wet with ſpirit, and 
apf ied to | the e part inflamed, will produce the coolneſs re- 

quired, better than if wet with water, and will mm 


it longer. [ For water, though cold when firſt applied, will 


CG3.9KUD QUILL, 
09 acquire 1 warmth from the fleſh, as it does not evaporate 


ft enough ; ; but the cloths, wet with. ſpirit, \ will continue | 
cold a: 8s long a as any ſpirit is left to keep up the evaporation, : 
the parts warmed eſcaping 2 as ſoon as they are warmed, a and 


carrying off the heat with them, e 
Lan, Sir, &c. SR „„ B. F. 
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L E T T EN x2 


T O 


J. B. Eſq; at Boſton, in New. England. 


Dear Sir, 1 Dec. 2, 17 55 


HAVE executed ho an eaſy ſimple contrivance, that 
I have long ſince had in ſpecalation, for keeping rooms 
warmer in cold weather than they generally are, and with 


leſs fire. It is this. The opening of the chimney is con- 
tracted, by brick-work faced with marble ſlabs, to about 


two feet between the jambs, and the breaſt brought down 
to within about three feet of the hearth. —An iron frame is 
placed juſt under the breaſt, and extending quite to the 
back of the chimney, ſo that a plate of the ſame metal 


may flide horizontally backwards and forwards in the 
grooves on each ſide of the frame. This plate is juſt ſo 


large as to fill the whole ſpace, and ſhut the chimney en- 
tirely when thruſt quite in, which is convenient when there 
zs no fire; drawing it out, ſo as to leave a ſpace between its 
farther edge and the back, of about two inches; this ſpace 
is ſufficient for the ſmoke to paſs; and ſo large a part of 

| | e 
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the funnel being ſtopt by the reſt of the plate, the paſſage 
of warm air out of the room, up the chimney, is obſtruct- 
ed and retarded, and by that means much cold air is pre- 
vented from coming in through crevices, to ſupply its 
place. This effect is made manifeſt three ways. Firſt, 
when the fire burns briſkly in cold weather, the howling 
or whiſtling noiſe made by the wind, as it enters the room 
through the crevices, when the chimney i is open as- uſual, 
ceaſes as ſoon as the plate is ſlid in to its proper diſtance. 
Secondly, opening the door of the room about half an inch, - 
and holding your hand againſt the opening, near the top 
of the door, you feel the cold air coming in againſt your 
hand, but weakly, if the plate be in. Let another perſon 
ſuddenly draw it out, ſo as to let the air of the room go up 
the chimney, with its uſual freedom where chimneys are 
open, and you immediately feel the cold air ruſhing in 
ſtrongly. Thirdly, if ſomething be ſet againſt the door, 
juſt ſufficient, when the plate is in, to keep the door 
nearly ſhut, by reſiſting the preſſure of the air that would 
force it open : Then, when the plate is drawn out, the 
door will be forced open by the increaſed preſſure of the 
outward cold air endeavouring to get in to ſupply the place 
of the warm air, that now paſles out of the room to go up 
the chimney. In our common open chimneys, half the 
fuel is waſted, and its effect loſt, the air it has warmed be- 
ing immediately drawn off. Several of my acquaintance 


having ſeen this ſim ple machine in my room, have imitated 
| it 


* 


on Philoſophical Subjects. 371 


it at their own houſes, and it ſeems likely to become pretty 
common. I deſcribe it thus particularly to you, becauſe I 
think it would be uſeful in Bſton, where firing is often dear. 

Mentioning chimneys puts me in mind of a property I 
formerly had occaſion to obſerve in them, which I have 
not found taken notice of by others ; it is, that in the ſum- 
mer time, when no fire is made in the chimneys, there is, 
nevertheleſs, a regular draft ofair through them ; continu- 
ally paſſing upwards, from about five or fix o'clock in 
the afternoon, till eight or nine o'clock the next morning, 
when the current begins to ſlacken and heſitate a little, for 
about half an hour, and then ſets as ſtrongly down again, 
which it continues to do till towards five in the afternoon, 
then ſlackens and heſitates as before, going ſometimes a 
little up, then a little down, till in about half an hour it 
gets into a ſteady upward current for the night, which con- 
tinues till eight or nine the next day; the hours varying a 
little as the days lengthen and ſhorten, and ſometimes va- 
rying from ſudden changes in the weather; as if, after being 
long warm, it ſhould begin to grow cool about noon, while 
the air was coming down the chimney, the current will 
then change earlier than the ufual hour, &c. | 

This property in chimneys I imagine we might turn to 
ſome account, and render improper, for the future, the old 
ſaying, as uſeleſs as a chimney in ſummer. If the opening 
of the chimney, from the breaſt down to the hearth, be 
cloſed by a ſlight moveable frame, or two in the manner 
Coe of 
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of doors, covered with canvas, that will let the air through 
but keep out the flies; and another little frame ſet within 
upon the hearth, with hooks on which to hang joints of 
meat, fowls, &c. wrapt well in wet linen cloths, three or 
four fold, I am confident that if the linen is kept wet, by 
ſprinkling it once a day, the meat would be ſo cooled by the 
evaporation, carried on continually by means of the paſſing 
air, that it would keep a week or more in the hotteſt wea- 
ther. Butter and milk might likewiſe be kept cool, in veſ- 
ſels or bottles covered with wet cloths. A ſhallow tray, or 

keeler, ſhould be under the frame to receive any water that 

might drip from the wetted cloths; T think, too, that this 

property of chimneys might, by means of ſmoak-jack vanes, 

be applied to ſome mechanical purpoſes, where a ſmall but 
pretty conſtant power only i is wanted. 

If you would have my opinion of the cauſe of this 3 
ging current of air in chimneys, it is, in ſhort, as follows. 
In ſummer time there is generally a great difference in the 
warmth of the air at mid-day and midnight, and, of courſe, 
a difference of ſpecific gravity in the air, as the more it is 
warmed the more it is rarefied. The funnel of a chimney 
being for the moſt part ſurrounded by the houſe, is pro- 
tected, in a great meaſure, from the direct action of the 
ſun's rays, and alſo from the coldneſs of the night air. It 
thence preſerves a middle temperature between the heat of 
the day, 'and the coldneſs of the night. This middle tem- 
perature it communicates to the air contained in it. If 
2 the 
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the ſtate of the outward air be cooler than that in the fun- 


nel of the chimney, it will, by being heavier, force it to 


riſe, and go out at the top. What ſupplies its place from 


below, being warmed, in its turn, by the warmer funnel, 


is likewiſe forced up by the colder and weightier air below, 
and ſo the current is continued till the next day, when the 
ſun gradually changes the ſtate of the outward air, makes 


it firſt as warm as the funnel of the chimney can make it, 


(when the current begins to heſitate) and afterwards warm- 


er. Then the funnel being cooler than the air that comes 


into it, cools that air, makes it heavier than the outward 
air; of courſe it deſcends ; and what ſucceeds it from a- 
bove, being cool'd in its turn, the deſcendingicurrent con- 
tiaues till towards evening, when it again heſitates and 
changes its courſe, from the change of warmth in the 
_ outward air, and the nearly remaining ſame amiddle tem- 
perature in the funnel. 5: un to 30 


Upon this principle, if a houſe were built behind a 


bill, an adit carried from one of the doors into the hill ho- 
rizontally, till it met with a perpendicular; ſhaft-ſunk from 
its top, it ſeems probable to me, that thoſe who lived in the 
houſe, would conſtantly, in the heat even of the calmeſt 
day, have as much cool air paſting through the houſe, as 


they ſhould chuſe ; and the ſame, though reverſed mw its 


current, during the ſtilleſt night. 
I think; too, this property might be made of uſe to mi- 
ners; as where ſeveral ſhafts or pits are ſunk perpendicu- 


Cecn larly 
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larly into the earth, communicating at bottom by horizon- 
tal paſſages, which is a common caſe, if a chimney of thirty 
or forty feet high were built over one of the ſhafts, or ſo 
near the ſhaft, that the chimney might communicate with 
the top of the ſhaft, all air being excluded but what ſhould 
paſs up or down by the ſhaft, a conſtant change of air 
would, by this means, be produced in the paſſages below, 
tending to ſecure the workmen from thoſe damps which 
ſo frequently incommode them. For the freſh air would 
be almoſt always going down the open ſhaft, to go up the 
chimney, or down the chimney to go up the ſhaft, Let 
me add one obſervation more, which is, That if that part 
of the funnel of a chimney, which appears above the 
roof of a houſe, be pretty long, and have three of its ſides 
expoſed to the heat of the ſun ſucceſſively, viz. when he is 
in the eaſt, in the ſouth, and in the weſt ; while the north 
ſide is ſheltered by the building from the cool northerly 
winds. Such a chimney will often be ſo heated by the 
ſun, as to continue the draft ſtrongly upwards, through the 
Whole twenty-four hours, and often for many days toge- 
ther. If the outſide of ſuch a chimney be painted black, 
the effect will be ſtill greater, and the current N 


I am, dear Sir, yours, W . 


LET. 
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1. * T E N XV. 


To Dr. Z. at Lats 


S 1K, Craven-ſtreet, June 7, 1759. 
NOW return the ſmalleſt of your two Tourmalins, with 
hearty thanks for your kind preſent of the other, 


which, though I value highly for its rare and wonderful 
properties, I ſhall ever eſteem it more for the friendſhip * 


am honoured with by the giver. 
I hear that the negative electricity of one ſide of the 


Jourmalin, when heated, is abſolutely denied, (and all that 


has been related of it, aſcribed to prejudice in favour of a 


ſyſtem) by ſome ingenious gentlemen abroad, who profeſs 

to have made the experiments on the ſtone with care and 
exactneſs. The experiments have ſucceeded differently 
with me; yet I would not call the accuracy of thoſe gen- 


tlemen in queſtion. Poſſibly the Tourmalins they have 


tried were not properly cut ; ſo that the poſitive and nega- 
tive powers were obliquely placed, or in ſome manner 
whereby their effects were confuſed, or the negative part 
more eaſily ſupplied by the poſitive. Perhaps the lapida- 


ries who have hitherto cut theſe ſtones, had no regard to 


the ſituation of the two powers, but choſe to make the fa- 
ces of the ſtone where they could obtain the greateſt 


breadth, or ſome other advantage in the form. If any of 


theſe 
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theſe ſtones, in their natural ſtate, can be procured here, I 
think it would be right to endeavour finding, before they 
are cut, the two ſides that contain the oppoſite powers, and 
make the faces there. Poſſibly, in that caſe, the effects 
might be ſtronger, and more diſtinct; for though both 
theſe ſtones that I have examined have evidently the two 
Properties, yet, without the full heat given by boiling wa- 

ter, they are ſomewhat confuſed ; the virtue ſeems ſtrongeſt 
towards one end of the face; and in the middle, or near the 
other end, ſcarce diſcernible ; and the negative, I think, 
always weaker than the poſitive. 

I have had the large one new cut, ſo as to ads both 
ſides alike, and find the change of form has made no 
change of power, but the properties of each ſide remain 
the ſame as I found them before. It is now ſet in a ring 
in ſuch a manner as to turn on an axis, that I may conve 
niently, in making experiments, *come at both ſides of the 
ſtone. The little rim of gold it is ſet in, has made no al- 
teration in its effects. The warmth of my finger, when I 
wear it, is ſufficient to give it ſome degree of electricity, ſo 
that it is always ready to attract light bodies. 

The following experiments have ſatisfied me that M. 
Apinus's account of the poſitive and negative ſtates of the 
oppoſite ſides of the heated Tourmalin, is well founded. 

I heated the large ſtone in boiling water. 

As ſoon as it was dry, I brought it near a very ſmall cork 
ball, that was ſuſpended by a filk thread. | 

1 . 
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The ball was attracted by one face of the ſtone, which I 


call A, and then repelled. 
The ball in that ſtate was alſo repelled by the politively 
charg'd wire of a phial, and a by the other fide of 


| the ſtone, B. 


The ſtone being freſh heated, as the fide. B brought 

near the ball, it was firſt attracted, and preſently after re- 
pelled by that fide. 

In this ſecond ſtate it was repelled by the negatively 

charged wire of a phial. 

Therefore, if the principles now 9 received, rela- 
ting to poſitive and negative electricity, are true, the ſide A 
of the large ſtone, when the ſtone is heated in water, is in 
a poſitive ſtate of electricity; ; and the fide B, in a negative 


ſtate. 


The ſame experiments being made with the ſmall ſtone | 


ſtuck by one edge on the end of a ſmall glaſs tube, with 
ſealing-wax, the ſame effects are produced. The flat fide 
of the ſmall ſtone gives the ſigns of poſitive electricity; the 
high ſide gives the ſigns of negative . 
Again; 

1 ſuſpended the ſmall ſtone by a filk thread. 

T heated it as it hung, in boiling water. 

J heated the large one in boiling water. 

Then I brought the large ſtone near to the ſuſpended 


ſmall o one. 
Which 
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Which immediately turned its flat fide to the fide B of 
the large ſtone, and would cling to it. 
I turned the ring, ſo as to preſent the fide A af the 
large ſtone, to the flat fide of the ſmall one, 
The flat fide was repelled, and the ſmall ſtone, turning 
quick, applied its high fide to the fide A of the large one. 
This was preciſely what ought to happen, on the ſup- 
poſition that the flat ſide of the ſmall ſtone, when heated in 
water, is poſitive, and the high fide negative; the ſide A 
of the large ſtone poſitive, and the ſide B negative. 
The effect was apparently the ſame as would have been 
ptoduced, if one magnet had been ſuſpended by a thread, T3 © 
and the different” _ of n brought ele near 
e | 
1 find that the face A, of the large ſtone, being coated 
with leaf-gold, (attach'd by the white of an egg, which 
will bear dipping in hot water) becomes quicker and 
ſtronger in its effect on the cork- ball, repelling it the in- 
ſtant it comes in contact; which I ſuppoſe to be occaſi - 
oned by the united force of different parts of the face, col- 
8 0 and acting . eto the metal. | 


out 7 


n Gee. . B. F. 
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L ET T- ER NIV. 
To Mr. P. F. in Newport. 


STR, 1 London, May 75 1900 


* * * * * * It has, indeed, as you obſerve, been the 


opinion of ſome very great naturaliſts, that the ſea is ſalt 
only from the diſſolution of mineral or rock ſalt, which 


its waters happened to meet with. But this opinion 


takes it for granted that all water was originally freſh, 
of which we can have no proof. I own I am inclined 
to a different opinion, and rather think all the water on 
this globe was originally ſalt, and that the freſh water we 


find in ſprings and rivers, is the produce of diſtillation, The 


ſun raiſes the vapours from the ſea, which form clouds, and 


fall in rain upon the land, and ſprings and rivers are form- 


ed of that rain,——As to the rock-ſalt found in mines, I 


conceive, that inſtead of communicating its ſaltneſs to the 


ſea, it is itſelf drawn from the ſea, and that of courſe the 
ſea is now freſher than it was originally. This is only a- 
nother effect of nature's ciliary, and might be per 
various ways. 

It is evident from the quantities of ſea-ſhells, and the 
bones and teeth of fiſhes found in high lands, that the ſea 
has formerly covered them. Then, aber the ſea has been 
higher than 1 it now is, and has fallen away from thoſe high 
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lands; or they have been lower than they are, and were 


_ lifted yp © phe to-their preſent height, by ſome 
ifiternal mighty for way 7 4 we ſtill feel ſome remains 


of, when whole continents are moved by earthquakes. 
In either cast it may be ſuppoſed that large hollows, or 
valleys among hills, might be left filled with ſea- water, 


which evaporating, and the fluid part drying away i in a 
courſe of :yeqrs; would leave the falt covering the bott 
and chat ali coming afterwards to be covered with 8 


fromm the neighbouring hills, could only be found by dig- 
ging throngh that earth. Or, as we know from their ef. 
fekte that there are deep fiery caverns under the earth, and 
even under tha ſea, if at any time the ſea leaks into any of 
them, che fluid parts of the water moſt evaporate from'that 
heat, and 'paſs dfthroy volcano, while the ſalt re- 
mails ufd by der Gssp And cbntinual accretion, becbmes a. 
great masz. Thus the caderh may at length be filled, and 
che Volcano connected wirbt it beaſe burting, as many It is 
fad have done; and futürè miners penetratiag ſuch cavern, 
find wH# wo eall a falt mins This is a finey I had on 
viſiting the falt-mines at N ch; with fry fon. 1 hd 
vom a pieos of the rock-falt wiich bb brought up with him 
out of the mine. * 4 nens, 1109907 10003 ti. 
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'To Mr.  Accxanors Barn, Londn, Ben 
TMs =? | | of oy alli gnoms 2yollav 
Deer tb f n en. pa. nnr, 


Greeable to your Sh © os you my-reifond: $00 
4. thinking: that our North-Eaſt RormsinNerdh-idn 
menica- begin firſt, in point of time, incthe dͥauth Weit 
parts 2 That is to ſay, the air in Georgia, theifartheſt of Hur; 
colonies to the South -Weſt, begins: tohmovs South · Weſt⸗ 
erly befere the air of Carolina, which is the next co nv 
North-Eaſtward:z: the air: of: Canalina hes tiiꝭ ſame motion 
before the air of Virginia, hichs lies ſtilb nere North - 
Eaſtward; and ſo on North Bafterly throught Ponfulugr | 
nia, New-York; New- England, Ss, quite de Newfoundlands | 
2i Theſe North · Eaſt ſtorms tate generally very: violent. 
continue: ſometimes two or three days, and ofte da gonſia 
derable damage in the harbours alang the taſky; They are 
i attended with thick clouds and rain. icn-ild ods he 
111 What firſt gag me this idea, was the following circuro · 
ſtance, About twenty years: ago, a few Wg St leſsul 


cannot from my memory be certain, we were to have an 
eclipſe of the moon at Phi fbi, on a Friday evening, 
about nine o clock. I intended to obſerve it, but was pre- 
vented by a North- Eaſt ſtorm, which came on about ſe- 
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ven, with thick clouds as uſual, that quite obſcured the 


whole hemiſphere. Yet when the poſt brought us the 
Boſton news- paper, giving an account of the effects of the 
ſame ſtorm in thoſe parts, I found the beginning of the | 
eclipſe had been well obſerved there, though Boon lies 
N.E. of Philadelphia about 400 miles. This puzzled. 
me, becauſe the ſtorm began with us ſo ſoon as to prevent 
any obſervation, and being a N. E. ſtorm, I imagined it 
muſt have beg af rather ſooner in places farther to the North 
Eaſtw-ard, than it did at Philadelphia. I therefore menti- 
oned it in a letter to my brother who lived at Ben; and 
he informed me the ſtorm did not begin with them till 
near eleven 0 clock, ſo that they had a good obſervation of 
the eclipſe : And upon comparing all the other accounts I 
received from the ſeveral colonies,” of the 'time of begin- 
ning of the Dame ftorm, and ſince that of other ſtorms of 
the ſame kind, I found the beginning to be always later 
the farther North-Eaſtward: I have not my notes with me 
here in England, and cannot, from memory, ſay the pro- 
portion of time to diſtance, but I in it is about an hour 
to every hundred miles. 0 
From thence I formed an idea of this cauſe of cheſs 
ſtorms, which I would explain by a familiar inſtance or 
two.——Suppoſe a long canal of water ſtopp'd at the end 
by a gate. The water is quite at reſt till the gate is open, 
then it begins to move out through the gate; the water 
next the gate is firſt in 1 motion, and moves towards the 
0 Y gate; 
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gate; the water next to that firſt water moves next, and 


ſo on ſucceſſively, till the water at the head of the canal 


is in motion, which is laſt of all. In this cafe all the wa- 
ter moves indeed towards the gate, but the ſucceſſive times 
of beginning motion are the contrary way, vig. from the 
gate backwards to the head of the canal. Again, ſuppoſe 
the air in a chamber at reſt, no current through the room 
till you make a fire in the chimney. Immediately the air 
in the chimney being rarefied by the fire, riſes ; 3, the air 
next the chimney. flows 1 in to ſupply its place, moving to- 
wards the chimney ; ; and, in conſequence, "the reſt of the 


air ſucceſſively, quite back to the door. Thus to produce 


our North-Eaſt ſtorms, I ſuppoſe ſome great heat and ra- 
refaction of the air in or about the Gulph of Mexico; 
the air thence riſing has its place ſupplied by. the next 


more northern, cooler, and therefore d denſer and heavier, 


ode Fl Ge. &c. in a e crarrent.t to arhjch cur- 
rent our coaſt and inland ridge of mountains give the di- 
rection of North-Eaſt, as they lie N. E. and S. W. 

This I offer only as an hypotheſis to account for this par- 


ticular fact; and, perhaps, on farther examination, a bet- 
ter and truer may be found. I do not ſuppoſe all ſtorms 


generated in the ſame manner. Our N orth · Weſt thunder- 
guſts in America I know, are not; but of, them I have 
written my opinion fully in a paper which you have ſeen. 
frei Jam, Cc. B. F. 
LE T- 
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TA! Hitely mud the following experiments, 1 
1 very ebearfunyx communicate them, in bopes % | 
| — you Torat Ueptee" of pleaſure, and exciting 1 you to 
fulther explote your favorite, but not N extiauſted lud. | 
ab ELEOTRICIPY 2 oO 1 
1 placed myftlr en an eftrc fl Rand, and, : ent well e- 
tedtriſed; threw n Hat to an uftelectriſed perſon, at a con- 
fiderable diſtance 'n- another find, and found that the hat 
carried ſome cf t che dagterrieity with. it; for, upon going 
immediately to the perſon fi POETS it, and holding a 
faxen thread neat him, I perceived he U cleQiſed fufi- 
cientlytoattiadi the hend: 10 Ws td 1 | 
__ \Þthaprfuſpetided, by filk's broad plate ate of metal, A0 5 
| efriſedifoobbuiligy water under it, at about four feet dil 
tance; expbetinig that the vapour, Which Alcehded plenitifutty 
to che plate ] ud, up che principe er the foregoing 
experiment carły up ſme of the electiicity with it; "but 
was. at .tengfh fully convinced, by Teverll Tepeated trials, | 
that it left all its ſharè thertof behind. THIS 1 know not 
how to account for; but does it r not ſcem to corroborate 


your 
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your hypotheſis, That the vapours of which the clouds are 
formed, leave their ſhare of electricity behind, in the _ ; 
mon ſtock, and aſcend in the negative ſtate ? | 
I put boiling water into a coated Florence flaſk, * 6 
found that the heat ſo enlarged the pores of the glaſs, that 
it could not be charged. The electricity paſſed through as 
readily, to all appearance, as through metal; the charge of 
a three pint bottle went freely through, without injuring 
the flaſk in the leaſt. When it became almoſt cold, I uh 
charge it as uſual. Would not this experiment .convinge 
the Abbe Nollet af his egregious miſtake,? For while the 
electricity went fairly through the glaſs, as he contends it 
always does, the glaſs could not be charged) at all. 1 
. took a flender piece of, cedar, about cghteen in Ines 


AID 


zontally 2 at right angley, through pare" pr" xe points 
in contrary, directions) and hung it, nicely ballane'd, like 
the needle of a compaſs, on a pin, about fix inches long} 
fixed in the center of an electric ſtand. Fhen; electriſing 
the ſtand, I had the pleaſure of ſeeing what J expected; 
the wooden needle turned round, carrying the pins with 
their heads foremoſt. I then electriſed the ſtand negative- 
ly, expecting the needle to turn the contrary way, but was 
extremely diſappointed, for it went ſtill the ſame way as 
before. When the ſtand was electriſed poſitively, I ſup- 
poſe that the natural quantity of electricity in the air being 
increaſed on one ſide, by what iſſued from the points, the 
needle 
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needle was attracted by the leſſer quantity on the other fide. 


When electriſed negatively, I ſuppoſe that the natural 


quantity of electricity in the air was diminiſhed near the 
points; in conſequence whereof, the equilibrium being 


deſtroyed, the needle was attracted by the greater quan- 


tity on the oppoſite fide. 
The doctrine of repulſion, in electriſed bodies, I begin 


to be ſomewhat doubtful of. I think all the phenomena 


on which it is founded, may be well enough accounted for 
without it. Will not cork balls, electriſed negatively, ſepa- 
Tate as far as when electriſed poſitively? And may not 


their ſeparation in both caſes be accounted for upon the 
ſame principle, namely, the mutual attraction of the natu- 
ral quantity in the air, and that which is denſer or rarer in 
the cork balls? it being one of the eſtabliſhed laws of this 
fluid, that quantities of different denſities ſhall mutually 


attract each other, in order to reſtore the equilibrium. 


I can fee no reaſon to conclude that the air has not its ſhare 
of the common ſtock of electricity, as well as glaſs, and; 
perhaps, all other electrics per ſe. For though the air will 
admit bodies to be electriſed in it either poſitively or ne- 
gatively, and will not readily carry off the redundancy in 
the one caſe, or ſupply the deficiency in the other, yet let 
a perſon in the negative ſtate, out of doors in the dark, 


when the air is dry, hold, with his arm extended, a long 
ſharp needle, pointing upwards, and he will ſoon be con- 
yinced that electricity may be drawn out of the air; not 


very 


Ls 
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very plentifully, for, being a bad conductor, it ſeems loth 
to part with it, but yet ſome will evidently be collected. 

The air near the perſon's body having leſs than its natural 
quantity, will have none to ſpare; but, his arm being ex- 
tended, as above, ſome will be collected from the remoter 
air, and will appear luminous, as it converges to the point of 


the needle. 


Let a perſon electriſed negatively preſent the point of a 
needle, horizentally, to a cork ball, ſuſpended by ſilk, and 
the ball will be attracted towards the point, till it has parted 
with ſo much of its natural quantity of electricity as to be 
in the negative ſtate in the fame degree with the perſon 
who holds the needle ; then it will recede from the point, 
being, as J ſuppoſe, attracted the contrary way by the e- 
lectricity of greater denſity in the air behind it. But, as 
this opinion ſeems to deviate from electrical orthodoxy, 1 
ſhould be glad to ſee theſe phenomena better accounted 

for by your ſuperior and more penetrating genius. 
Whether the electricity in the air, in clear dry weather, 
be of the ſame denſity at the height of two or three hun- 
dred yards, as near the ſurface of the earth, may be ſatisfac- 
torily determined by your old experiment of the kite. The 
twine ſhould have, throughout, a very ſmall wire in it, and 
the ends of the wire, where the ſeveral lengths are united, 
ought to be tied down with a waxed thread, to prevent 
their acting in the manner of points. I have tried the ex- 
periment twice, when the air was as dry as we ever have 
| =Y eCc it, 
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it, and ſo clear that not a cloud could be ſeen, and found 
the twine each time in a ſmall degree electriſed poſitively. 
The kite had three metalline points fixed to it; one on 
the top, and one on each fide, That the twine was elec- 


triſed, appeared by the ſeparating of two ſmall cork balls, 


ſuſpended on the twine by fine flaxen threads, juſt above 
where the ſilk was tied to it, and ſheltered from the wind. 
That the twine was electriſed poſitively, was proved, by 
applying to it the wire of a charged bottle, which cauſed 
the balls to ſeparate further, without firſt coming nearer 
together. This experiment ſhewed that the electricity in 
the air, at thoſe times, was denſer above than below. 
But that cannot be always the caſe; for you know we 
have frequently found the thunder clouds in the negative 
ſtate, attracting electricity from the earth; which ſtate, it 
is probable, they are always in when firſt formed, and till 
they have received a ſufficient ſupply. How they come 


afterwards, towards the latter end of the guſt, to be in the 


poſitive ſtate, which is ſometimes the _ is a ſubject for 


further enquiry. 


After the above experiments with the wooden needle, I 
formed a croſs, of two pieces of wood, of equal length, 
interſecting each other at right angles in the middle, hung 


it horizontally upon a central pin, and ſet a light horſe, 


with his rider, upon each extremity ; whereupon, the 
whole being nicely balanced; and each courſer urged on by 
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an electriſed point inſtead of a pair of ſpurs, I was enter- 
tained with an electrical horſe- race. 
1 have contrived an electrical air 1 and made 
ſeveral experiments with it, that have afforded me much 
ſatisfaction and pleaſure, It is extremely ſenſible of any 
alteration in the ſtate of the included air, and fully deter- 
mines that controverted point, Whether there be any heat 
in the electric fire? By the encloſed draught, and the 
following defcription, you will * e the con- 
ſtruction of it. 

Ag is a glaſs tube, about eleven inches long, and one 
inch diameter in the bore. It has a braſs feril, cemented 
on each end, with a top and bottom part, C and D, to be 
ſcrewed on, air-tight, and taken off at pleaſure. In the 
center of the bottom part D, is a male fcrew, which goes 
into a braſs nut, in the mahogany pedeſtal E. The wires 
F and G, are fos the electric fire to pals through, darting 
from one to the other. The wire G extends through the 
pedeſtal to H, and may be raiſed and lowered by means of 
a male ſcrew on it. The wire F may be taken out, and 

the hook I be ſcrewed into its place. K is a glaſs tube, 
with a ſmall bore, open at both. ends, cemented i in the braſs 
tube L, which ſcrews into the top part "al The lower 
end of the tube K is immerſed i in water, coloured. with co- 
chineal, at the bottom of the tube AB. (I uſed, at firſt, 
coloured ſpirits of wine, but in one experiment I made, ĩt 


| took fire, 3 On the top of the tube K is cemented, for or- 
E ee 2 nament, 
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nament, a braſs feril, with a head ſcrewed on it, which has 
a ſmall air-hole through its fide, at 2. The wire 3, is a 


ſmall round ſpring, that embraces the tube K, ſo as to ſtay 


wherever it is placed. The weight M is to keep ſtrait 
whatever may be ſuſpended in the tube A B, on the hook 
I. Air muſt be blown through the tube K, into the tube 
AB, till enough is intruded to raiſe, by its elaſtic force, a 
column of the coloured water in the tube K, up to c, or 
thereabouts; and then, the gage-wire 6, being ſlipt down 
to the top of the column, the thermometer is ready for 
_ uſe. | 

I ſet the thermometer on an electric ſtand, with the 
chain N fixed to the prime conductor, and kept it well e- 
lectriſed a conſiderable time; but this produced no ſen- 
ſible effect; which ſhews, that the electric fire, when in a 
ſtate of reſt, has no more heat than the wok and other 
matter wherein it reſides. | 


When the wires F and G are in contact, a large ene | 


of electricity ſent through them, even that of my caſe of 
five and thirty bottles, containing above thirty ſquare feet 
of coated glaſs, will produce no rarefaction of the air in- 


cluded in the tube AB; which ſhews that the wires are 


not heated by the fire's pafling through them, 


When the wires are about two inches apart, the charge 


of a three pint bottle, daring from one to the other, ra- 
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the electric fire muſt produce heat in itſelf, as well as in 
the air, by its rapid motion. 

The charge of one of my glaſs j jars, (which will contain 
about five gallons and a half, wine meaſure) darting from 
wire to wire, will, by the diſturbance it gives the air, re- 
pelling it in all directions, raiſe the column in the tube K, 
up to d, or thereabouts; and the charge of the above- 
mentioned caſe of bottles will raiſe it to the top of the 
tube. Upon the air's coaleſcing, the column, by its gra- 
vity, inſtantly ſubſides, till it is in equilibrio with the rare- 
fied air; it then gradually deſcends, as the air cools, and 
ſettles where it ſtood before. By carefully obſerving at 
what height above the gage-wire 6, the deſcending co- 
lumn firſt ſtops, the degree of rarefaction is diſcovered, 
which, in great exploſions, is very conſiderable. 

I hung in the thermometer, ſucceſſively, a ſtrip of wet 
writing paper, a wet flaxen and woolen thread, a blade of 
green graſs, a filament of green wood, a fine ſilver thread, 
a very ſmall braſs wire, and a ſtrip of gilt paper; and found 
that the charge of the above-mentioned glaſs jar, paſſing 
through each of theſe, eſpecially the laſt, produced n 
enough to rarefy the air very perceptibly. 

I then ſuſpended, out of the thermometer, a piece of 
ſmall harpſichord wire, about twenty-four inches long, 
with. a pound weight at the lower end, and ſent the charge 
of the caſe of five and thirty bottles through it, whereby 
I diſcovered a new method of wire-drawing. The wire 
was. 
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was red hot the whole length, well annealed, and above an 
inch longer than before. A ſecond charge melted it ; 
it parted near the middle, and meaſured, when the ends 


were put together, four inches longer than at firſt, This 


experiment, I remember, you propoſed to me before you 
left Philadelphia ; but I never tried it till now. That 1 

might have no doubt of the wire's being Hot as well as red, 
I repeated the experiment on another piece of the ſame 


wire, encompaſſed with a gooſe-quill, filled with looſe 


grains of gun-powder ; which took fire as readily as if it 
had been touched with a red hot poker. Alſo tiader, tied 
to another piece of the wire, kindled by it. I tried a wire 
about three times as big, but could N 50 no ſuch effects 
with that. 


Hence it appears that the electric . Sag it hes no. 
ſenſible heat when in a ſtate of reſt, will, by its violent 


motion, and the reſiſtance it meets with, produce heat in 
other bodies when paſſing through them, provided they 
be ſmall enough. A large quantity will paſs through a 


> 


large wire, without producing any ſenſible heat; when the 


ſame quantity paſſing through a very ſmall one, being 


there confined to a narrower paſſage, the particles crowd- 


ing cloſer together, and meeting with greater reſiſtance, 
will make it red hot, and even melt it. 

Hence lightning does not melt metal by a cold en ts 
we formerly ſuppoſed; but, when it paſſes through the 


blade of a ſword, if 3 be not very great, it may 


heat 
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a heat the point ſo as to melt it, while the broadeſt and thick- 
eſt part may not be ſenſibly warmer than before. 
And when trees or houſes are ſet on fire by the dread- 


ful quantity which a cloud, or the earth, ſometimes diſchar- 


ges, muſt not the heat, by which the wood is firſt kindled, 

be generated by the lightning's violent motion, through 
the reſiſting combuſtible matter? 

If lightning, by its rapid motion, 3 heat in 27/0, 

as well as in other bodies, (and that it does I think is evi- 

dent from ſome of the foregoing experiments made with 

the thermometer) then its ſometimes ſingeing the hair of 


animals killed by it, may eaſily be accounted for. And 


the reaſon of its not always doing ſo, may, perhaps. be this; 

The quantity, though ſufficient to kill a large animal, may 
ſometimes not be great enough, or not have met with re- 

ſiſtance enough, to become, by its motion, burning hot. 


We ſind that dwelling-houſes, ſtruck with lightning, 


are ſeldom ſet on fire by it; but when it paſſes through 
barns, with hay or ſtraw in them, or ſtore- houſes, contain- 
ing large quantities of hemp, or ſuch like matter, they ſel- 
dom, if ever, eſcape a conflagration ; which may, perhaps,. 
be owing to ſuch combultibles being apt to kindle with a 
leſs degree of heat than is neceſſary to kindle wood. 

We had four houſes in this city, and a veſſel at one of 


the wharfs, ſtruck and damaged by lightning laſt ſummer. 


One of the houſes was ſtruck twice in the ſame ſtorm. 


But I have the pleaſure to inform you, that your method 
| | of 


0 rr 
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of preventing ſuch terrible diſaſters, has, by a fact which 
had like to have eſcaped our knowledge, given a very con- 
-vincing proof of its great utility, a is now in ere re- 
| 2 with us than ever. 
Hearing, a few days ago, that Me. William Weſt, mer- 
vchen in this! eity, ſuſpected that the lightning in one of 
the thunder: ſtorms laſt ſummer, had paſſed through the i- 
rom conductor which he had provided for the ſecurity” 'of 
his hou} 1. waited on him, to enquire What ground he 
"right have fot ſuch ſuſpicion. Mr. es informed me, 
that his family and neighbours were all ſtunned with a 
very terrible exploſion, and that the flaſn and crack were 
ſeen and heard at the fame inſtant. Whence he conclud- 
ed, that the lightning muſt have been very near, and, as no 
Houſe in the neighbourhood had ſaffered by it, that it muſt 
have paſſed through his conductor. Mr. White, his clerk, 
told me that he was fitting, at the time, by a window, a- 
bout too feet diſtant from the conductor, leaning againſt | 
the brick wall with wich it was in contact; and that he 
felt a ſmart ſenſation, like an electrick ſhock, in that part 
of his body which touched the wall. Mr. Nest further 
informed me, that a perſon of undoubted veracity aſſured 
him, that, being in the door of an oppoſite houſe, on the 
ether Hde- Er Matereſtreet, (which you know is but Har- 
row) he ſaw the lightning diffuſed” over the pavement, - 
'Oowhich* was tlie very wet with rain, to the diſtance of two 
or three yards from the foot of the conductor; and that 
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another perſon of very good credit told him, that he being 
a few doors off on the other ſide of the ſtreet, ſaw the 
lightning above, darting in ſuch direction that it 1 
to him to be directly over that pointed rod. 

Upon receiving this information, and being deſirous of 
further ſatisfaction, there being no traces of the lightning 


to be diſcovered in the conductor, as far as we could exa- 
mine it below, I propoſed to Mr. Weſt our going to the top 
of the houſe, to examine the pointed rod, aſſuring him, 


that if the lightning had paſſed through it, the point muſt 


have been melted; and, to our great ſatisfaction, we ſound 


it ſo. This iro: rod extended in height about nine feet 
and a half above a ſtack of chimneys to which it was fixed, 


(though I ſuppoſe three or four feet would have been ſuf- 


ficient,) It was ſomewhat more than half an inch diame- 


ter in the thickeſt part, and tapering to the upper end. The 
conductor, from the lower end of it to the earth, conſiſted 
of ſquare iron nail-rods, not much above a quarter of an 


inch thick, connected together by interlinking joints. It 
extended down the cedar roof to the eaves, and from 
thence down the wall of the houſe, four ſtory and a half, 
to the pavement in Water-/ireet, being faſtened to the wall, 
in ſeveral places, by ſmall iron hooks. The lower end was 
fixed to a ring, in the top of an iron ſtake that was drove 
about four or five feet into the ground. 

The above-mentioned iron rod had a hole in the top of 


tit, about two inches deep, wherein was inſerted a braſs 
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wie; ubolu 2woilines:thiok> and; when firſt put there) 2. 
bout ten hoh long uteiminating in a very acute point; 
bet how its hole length was no more than ſeven inches 
ald & WP darndothe 6p vefy blunt. Some of the metal 
ich bs, the ſlendereſt part of the wire bez 
ing, AST ſufpeb, ↄ„ebnHred intb ſmoke. But ſome of itz 


where the wffewas 4 “little thleker, being only melted' by 


the lightning, ſunk down while in a fluid ſtate, and form- 
580 l: 
ed a r at irregular cap, 3 on one ide than the other, 
1 


ol che grad SBP WHY remained, WA became inti- 
mately Atitedithere With. | 


This was all the damage that Mr. M. 1 ſuſtained by a 


terrible ſtroke of lightning: moſt convincing proof f 
the great utility of this method of preventing its dreadful 


Ide Surely it 3 now be AER expedient to pro- 


Me the Ini] r thelrain. Af 


Mr. Weſt was ſo good as to make me a preſent of the 
.eleaxittivhichriikeep; as a great curiofity} and loflg 
for the pleaſure of ſhewing it to you. In the mean time, 
Edeg youracdceptancs of the beſt repreſentation I can, give 
fat which you will find by the. ſide of the thermometge, 
ee ee phi pay range The, dottyd 


CC 
cFere the. nog ayes 2 in 26d 9 So 1 1 


And now oP} ; e 1 8 * Fact 
Braſurs xf, Muſt h AVG [fin fie, Nt Mey and we 
\Brounded gere en ff x fulblled,” May this method 
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of ſecurity from the deſtructiye violence of one af the mot 
awful powers of nature, meet with ſuch furthar ſſueceſs 
to induce every good and grateful heart tog hleſs God fon 
the important diſcovery l May the benefit tfheręof he gif: 
foſed over the whole globe May it extend, goth lateſt 
poſterity of mankind, and make the name f H HN Rr 
LL. Ace that of NE N. 2 O immanral. I ou 
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py, Received our” ingenichs lettet of the tp if Mh 
19 and chan 900 cordially for theatedutit yoirghte 
"me 0 CE ew ee You hive TYataly rade int Eked- 
1 icity It is ſubject that ſtill ede e e Keuter cnöügh 

"of 1 T have not much atten fd kat! e won boA 
"Your tecond eiche 10 i hett Ge udn 

th, 0 Wem wüde Pofftide Tete) by borpdar 
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afeënding Rom electrlfed Water, reminds me of one I for- 
mefly made; ko try if hegative eledricity might be produ- 
cba by ewAPOratiön Oly. 1 placed a large heated bras 
plate, Contziflmng fut of Gee ſquare feet, on an elekttic 
BU rel f metal, abgut four feet long, with a büllet 
ab Its End, Extended frohtt the plate horizontally. A light 
1068" of cotton; Tufpendedd by i fine thread from the ciel“ 
ing, Hung oppölite to, aud within an inch of the bullet. I ä 
their IPtinkled- the heated plate with water; which aroſe 
falt för Fr 11 pour," If vapour ſhoufd be diſpoſed to 
cf} if the elbcttichl, as it does the common fire from 
bots, T Ecpcetell thi Plate would, by loling forte of its 
michel quentltey, become negatively eleckelfed. But I 
cdl ne Peg Sly ieh in the Ecttén, that it 
wis at all Head 7" HH 55 Ady feparktion of fall cor. 
balls ſuſpended from the Bla 85 could it be obſerved that | 
hel Hf Any Hiänner btertfifted. Mr. Chan here 
has Ale OH tit tb tel cups, fer on electric ſtands, 
and! Elled She with böffing, thie other with' cold Water, 
ardequally Ueavifed! Ccntintied Squally{6; hotwirhſtand- 
ing che plehtifüf evaporation from the hot water. Your” 
eupetitnent ind his agteeing, ſhow another remarkable. ; 
diffbtente befwtelr cleric and Common. fre. For the 
latter quits mot! readily the body that contains it, where 
water, br diy! ole Huld, is evaporating From the ſurface 
of tHat body An efetpes with the vapour. Hence the 
methbd fonig in ute in the” eift, "of Wu Bude" by 


Len 1 | wrapping 


on Phileſuphical Subjects. 399 
wrapping the bottles round with, a wet, cloth, and expo 
6 ing them to the wind. Dr, Cullen, of Hfinbuugb, has 
giyen ſome experiments ol cooling by evaporation and. 
I was. preſent, at one made by Dr. Hadley then profeſlot. 
of chemiſtry at Cambridge, when, by repeatedly. wetting: 
tha ball of a thermometer w with ſpirit, and, quickening tha 
evaporation by the blaſt = A; bellows, he; pereury tell} 
from 65, the ſtate of warmth j in the SORMON, air. to aui 
which is 22 degrees below freeziog 3 ang, y,areardivelyny 
from, ſome water mixed with the ſpirit, or from the breath 
of the aſſiſtants, or both, ice gathered pin T gigen 
round the ball, to the thickneſs of near a quarter of an inch q 
To ſuch a degice did the mercury loſe the, fire it before, 
contained, which, as I 1 imagine, took the, oppo tunit) 5. 
eſcaping, i in company with the ne of they 
ſpirit by adhering. to thoſe particles, 


5 2 bobn2giut elle 
Your experiment of the Pbrence fla flaſk „ang boiling Wag! 
| 3 Is very curious. 1 have, repeated N eee to ſuc : 
ceed as you deſcxibe it, in two flaſks out,of.ghree.v!! The, 
third would not charge when. filled, with. either hot or cold. 
water, I repeated it, becaple. 1.cememberag I had enα. 
attempted to make an electric bottle of; A Hilerence Blais... 
filled with cold, water, but, could not. Charge... it at. alla;c 

which | I then "imputed, to, ſome, .imperceptible cracks ige 
the ſmal!, extremely thin bubble: , of, which that. glaſs, js, 


| lod. 1 concluded none of, ghar k ng would do Butz. 
- 4d haye e the ene me 8 885 miſtagc Mg, Hi Van had doe. 
meriy 
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Merly 3eguaihte? us that red hot glaſs would conduct c“ 
Rewielty bur that ſo 14117 degree of heat as that Ccffl- 
Baiche? bY böfling wited, "would ſo open the pores Gf 
eütemely Allfh Flagge 8. tlic the electrie fluid fredly'td | 
Pie Wor bafcte KibwH2® Some experiments illdk 
th outs! ble Hgcteder, beth thade here, before the tes 

V 
eddHtesdi 1801 2A 1 Id beutel % ei iu 511919 30 
10 1er iN AP An'GPinieh that a Leyden böttle, chart 
Ab thin fer Her ctibally, might retaitr ind” eledtricith 
bert But Having afterwards ſome füfplctf chat pöf- 
fly othar bt Avid fright! by flow imperceptible de- 
gretb, ork wn eh the glad, and in tHe eftape?" Tres 
Gheftef ſome Uf Ani Riede, Who had Eovenithcts for 

Ging it, 6 hake tial, Weecher, aftet fore hiofitlis, the 
ere Gf» Hbttle ld feflcHWôuld be ſehfibly dittiniffed. 
Being dt BiyHHD¹D..; in Nen. Ty Mr. Bolrbh of 
thlle Place dpeffed a Bott chat- ad Been charged,” and Its 
log tue neck Rertrickieafl) Raled in the formuary pfecd- 
ditip?!2 Di brezking off thd)chid* Gf the neck: and ifttrodüs 
benz a Wilke Aflto it, e fotind it pöſſeffed of a onfiderable 
quameity lf Efectricity; Which was diſchärged By a Anf 
alld Tpark2 "i Urhis bottle had lait near JebeH froftlis Gf A 
elf, in Yee it Cöhtäkt wth B6diescchär watifd- Hl. 
8 Rad brtted f all Hg MeAARtY, Hit Cod HU e 


Sec ai J et hs UB habe 
HiſRed Byte dd Hot appltently 10 ae 
Saiq e e e might 
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might have been expected from a bottle of, that ſige well, 
charged, ſome. doubt remained;;whether, Park, had, eſcaped 
while the neck was ſealing, or had ſince, hy degrees, ſoaked, 
through the glaſs, But an experiment, of Me. Cantens, 
in which ſuch a bottle Was kept, under. water a week, w hz, 
x out having its electricity i in the, leaſt impaiceg, ſeems, ta 

ſhow, that when the glaſs is cold, though 5tr5mely, chin, 
the electric fluid is well retained by it. As that ingenious 
and accurats experimenter made a diſcoyory, like, yowrsg of 
c effect of heat in rendering thin;glaks permeable. by; thut 
wid, it is but doing him juſtice, tg ging, Pur bis aggoupy 
of; it, in, his, own words, extracted from his: letter to mei 
in. which, he communicated It, dated. Off, 34,1200, 4 
Haying procured ſore thin gh ball. gf aber f 
inch and a half in diameter, with ems, Ay bes, af cighs 
as nine inches in length, I eleQrified them, damepolitiyely 
on the inſide and others, negatively ate the manneriget | 
gharging the Leyden, battle, and ſealed themhermetically, | 
| Spon after I., opplicd, the pakgdballs.to,my-clecmmeres; 
and.cquld not diſcover the, leaſt, fign,of theigi bein ele ci 
_ but holding them) before, the fire, at othe Aida nc 
or eight inches they hecame;froggly abgtridal; ia vf 
N pe rr Jo hen they were ghplingiasc T heæſs 
Nile wi, every, time they, arg heated, giyslghe glechvigel 
Amid to, or take it from other podies, according —— 
_ ar ings, ſtats; pf, it, within, g 8 Hegtinglit 


quaplly, 4 Tot PE Paneer | 
wdgien + | mathe | 
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keeping one of them under water a week, did not appear 
in the leaſt degree to impair it. That which I kept un- 
der water, was charged on the 22d of September laſt, 
was ſeveral times heated before it was kept in water, and 
has been heated frequently ſince, and yet it ſtill retains its 
virtue to a very conſiderable degree. The breaking two of 
my balls accidentally, gave me an opportunity of meaſuring 
their thickneſs, which I found to be between ſeven and 
eight parts in a thouſand of an inch. 

A down feather, in a thin glaſs ball, hermetically ſealed, 
will not be affected by the application of an excited 
tube, or the wire of a charged vial, unleſs the ball be conſi- 
derably heated ; and if a glaſs pane be heated till it begins 
to grow ſoft, and in that ſtate be held between the wire 
of a charged vial, and the diſcharging wire, the courſe of 
the electrical fluid will not be Rang the _ but on the 
ſurface, round by the edge of it.” 

By this laſt experiment of Mr, Canton's, it appears, that 
though by a modcrate heat, thin glaſs becomes, in ſome de- 
gree, a conductor of electricity, yet, when of the thickneſs 
of a common pane, it is not, though in a ſtate near melt- 
ing, ſo good a conductor as to paſs the ſhock of a diſchar- 
ged bottle, There are other conductors which ſuffer the 
electric fluid to paſs through them gradually, and yet will 
not conduct a ſhock. For inſtance, a quire of paper will 
conduct through its whole length, ſo as to electrify a per- 


ſon, who, ſtanding on wax, preſents the paper to an electri- 
| fied 
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fied prime conductor; but it will not conduct a ſhock 
even through its thickneſs only ; hence the ſhock cither 
fails, or paſſes by rending a hole in the paper. Thus a 
ſieve will paſs water gradually, but a ſtream from a fire en- 
gine would either be ſtopped by it, or tear a hole through it. 

It ſhould ſeem, that to make glaſs permeable to the elec- 
tric fluid, the heat ſhould be proportioned to the thickneſs. 
You found the heat of boiling water, which is but 210, 
ſufficient to render the extreme thin glaſs in a Florence 
flaſk permeable even to a ſhock, —Lord Charles Cavendiſb, 
by a very ingenious experiment, has found the heat of 400 
requiſite to render thicker glaſs permeable to the common 
current. | | | 

A glaſs tube, (See Plate VI.) of which the part CB 
was ſolid, had wire thruſt in each end, reaching to B and C. 

A ſmall wire was tied on at D, reaching to the floor, in 
order to carry off any electricity that might run along up- 
on the tube. 5 

The bent part was placed in an iron pot, filled with iron 
filings; a thermometer was alſo. put into the filings; a 
lamp was placed under the pot; and tbe whole was ſup- 
ported upon glaſs. 

The wire A being electrified by a machine, before the 
heat was applied, the corks at E ſeparated, at ficſt ugon the 
principle of the Leyden vial. 1 
hut after the part CB of the tube was heated to 600, 
the corks continued to ſeparate, though you diſcharged the 
bk G gg | electricity 
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electricity. by touching the wire at E, the electrical ma- 
chine continuing in motion. 

Upon letting the whole cool, 25 effect MORT Te” til the | 
thermometer was ſunk to 400.“ 

It were to be wiſhed, that this noble ohiloſopher wonls 
communicate more of his experiments to the-world, as he 
makes many, and with great accuracy. | 
Lou know I have always look'd upon and mentioned 
the equal repulſion in caſes of poſitive and of negative e- 
lectricity, as a phznomenon difficult to be explained. I 
have ſometimes, too, been inclined, with you, to reſolve all 
into attraction; but beſides that attraction ſeems in itſelf 
as unintelligible as repulſion, there are ſome appearances 
of repulſion that I cannot ſo eaſily explain by attraCtion ; 
this for one inſtance. When the pair of cork balls are 
ſuſpended by flaxen threads, from the end of the prime 
conductor, if you bring a rubbed glaſs tube near the con- 
ductor, bit Without touching it, you ſee the balls ſeparate, 
as being electrified poſitively; and yet you have commu- 
nicated nd electricity to the conductor, for, if you had, it 
would have remained there, after withdrawing the tube; but 
the cloſing of the balls immediately thereupon, ſhews that 
the conductor has no more left in it than its natural quan- 
tity. Then again approaching the conductor with the rub- 
bed tube, if, while the balls are ſeparated, you touch with 

a finger that end of the conductor to which they hang, they 
C wal come ike again, as being, with that part of the 
conductor 
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conductor, brought to the ſame flate with! your finger, . . . 
the natural ſtate. But the other end of the conductor, near 
which the tube is held, is not in that. ſtate, but in the nega- 
tive ſtate, as appears on removing the tube ; ; for then part 
of the natural quantity left at the end near the balls, leav- 
ing that end to ſupply what is wanting at the other, the 
whole conductor is found to be equally in the negative tate. 
Does not this indicate that the electricity of f the. rubbed 
tube had repelled the electric fluid, 8 was diffuſed. i in 
the conductor while in its natural ſtate, and forced it to qui 
the end to which che tube was brought near, accumulating 
itſelf on the end to which the balls were ſuſpended FI 
own I find it difficult to account for its quitting. that end. 
on the approach of the rubbed tube, but on the, ſuppoſi- 
tion of repullion'; for, while the conductor wasin t the ſame 
fate with the air, 1. e. the natural ſtate, it does not ſeem to 
me eaſy to ſuppoſe, that a an attraction ſhould ſuddenly 
take place between the air and. the natural, quantity of the 
electric fluid in the conductor, ſo as to draw it to, and 
accumulate it on the end oppoſite to that approached by the 


tübe; ſince bodies, poſſeſſing only their natural quantity 
of that fluid, are not uſually ſeen to o attract eachother, or to 


affect mutually the quantities of. electricity, each contains, 

There are likewiſe "appearances, of. repulſion 4n:9ther 
parts of nature. Not to mention. the violent, farce. nh 
Wilck the particles of water, heated to 2 cartaigacdegtee, 


0 29 8 from each other, or thoſe of gunpowder, when 
8 88 2 | >. 200000 


$66 Ex TRS PAERS | 
toychidithtbe fmalleſt; parle of fire, there is the ſeeming 
repmiliots betweendthelfaonwhepdies:of:the magnet, a body 
SanmninipgnnlyRtle movenble fluid, in many reſpects ana- 
laggus c the; elegtig fluid- I two magnets are ſo ſuſ- 
pendad:-by Reingses thatisheit poles of the {ame denomina- 
tion are pte d each other; they will ſeparate, and con- 
nns sl if uA magnetic ſteel bar on a ſmooth 
tables ahdapproechlit.withoanother: parallel to it, the poles 
Afhenbimfhel fame poſttion, the firſt wilbrecede from the 
ſecond, ſo as to avoid the contact, and may thus be puſh'd 
(nit deatb laphtan to be ipuſli'a) off the table. Can this 
ke: fcriBeditorthe>iatiraRtion- of any ſurrbunding body or 
matter Urawimpithenvatfundet, or drawing the one away 
from̃ the her? AI not, ond repulſion! exiſts in nature, 
And fioondenetifeg WRV my it not oxift-in electricity? 
We ſlwulchnidt, indeed, mukiply cauſes in philoſophy with- 
odt uebefſuycp nd thecgrłbatef ſiffiplicitytof your hypothe- 
fs h mente mey/if'll douldſoe that all ap- 
FPbiraindes gb fed by 10/19 Bilt Nfind, or think I 

ſnid)nhect Ms ανε Heft thai oHe of them a- 
Bie. Tad Leiwebld fr iche ereüfa? motion of your 
eee bnpabplbot, Wicht two pins at 
their 1 tray ways and mung in the ſame 
AAA PTE AL Retter paltivly or negative- 
ae BREA SNF 0 b Pte tö tile: points being 
electr'te piii pas Tie points zuwyken negatively, 
Sau DSP Uk Hep inte been ralf, By their means, elec- 
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triſed negatively, attraction takes place bet wet the electri- 
city in the air behind the heads of the pins, and the nega- 
tive pins, and ſo they are, in this caſe, drawn in the fame 
direction that in the other they were driven. You ſee 1 
am willing to meet you half way, a complaiſance I have 
not met with in our brother Nollet, or any other hypothe- 
ſis-maker, and therefore may value myſelf a little upon it, 
eſpecially as they ſay I have ſome ability in dafending even 
the wrong ſide of a queſtion, n I thinbe fit to take it 
in hand. | % Of 26 Of bol 
What you give as an eſtabliſhed 155 of the electric fluid; 
e That quantities of different denſities mutually attract 
each other, in order to reſtore the equilibrium, is, 1 
think, not well founded, or elſe not well expreſs'd;; TW 
large cork balls, ſuſpended by ſilk ſtrings, and both well 
and equally electrified, ſeparate; to à great diſtance! By 
bringing into contact with one of them, another ball of the 
ſame ſize, ſuſpended likewiſe by ſilk, you will take from it 
balf its electricity. It will then, indeed, hang at a laſs dif 
tance from the other, but the full and the halt quantities 
will not appear to attract each ather, that is, the balls wilt 
not come together. Indeed, I do not know any proof we 
have, that one quantity of electric fluid is attracted by ano- 
ther quantity of that fluid, . whatever difference there; may 
be in their denſities. And, ſuppoſing in nature, a mutual 
attraction between two parcels. af any kind of matter, vit 
would be ſtrange if this attraction, ſhould ſuhſiſt ſtrongly 
While 
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_ while hoſe. Parcels were unequal, and 1 when + man 
matter of the ſame kind was added to the ſmalleſt parcel, 
.fo as to make it equal to the biggeſt. By all the laws of 
attraction in matter, that we are acquainted with, the at- 
traction! is ſtronger i in proportion to the increaſe of the maſ- 
es, and never in proportion to the difference of the maſſes. 
1 ſhould rather think the law would be, That the elec- | 


5 tric fluid isattraQted ſtrongly by all other matter that we 


we! © know of, ” gry the parts of that fluid mutually repel 
* © each other.” s "Hence i its being equally diffuſed (except in 


# 


ear circumſtances) throughout all other matter. 


at this you jokingly call electrical orthodoxy.” It is ſo 
"with ſome at preſent, but not with all ; and, perhaps, it 
may not always be orthedoxy with any body. Opinions 


are continually varying, where we cannot have mathemati- 
cal evidence of the nature of things; and they muſt vary. 
- Nor i 18 that variation without its uſe, ſince 1 it oecaſions + 


more thorough diſcuſſion, whereby error is often diſfip a- 
ted, true knowledge i is encreaſed, and its principles become 
better underſtood and more firmly eſtabliſhed. 1 
Air ſhould have, as you obſerve, „ its ſhare of the 6 
common ſtock of electricity, as well as glaſs, and, per- 


* haps, all other electrics per ſe. But I ſuppoſe, that, 


like them, it does not eaſily part with what it has, or re- 
ceive more, unleſs when mix'd with ſome non- electric, as 


' moiſture for inſtance, of which there is ſome in our drieſt 


air. This, However, is ne a ſuppoſition ; and your ex 
| | periment 
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periment of reſtoring electricity to a negatively « electriſed 
perſon, by extending his Ari upwards into'the air, with'a - 

. needle. between his fingers, on the point of "which light 
may be ſeen in the night, is, indeed, A. curious one. In 
this town the air is generally moiſter than with us, and 
Here I have ſeen Mr. Canton cleArify the air. in one room 
politively, and in another, which communicated by a door, 
he has electriſed the air negatively. The difference was 
eaſily diſcovered by his cork balls, as he patled ou out of one 
room into another. Pere Beccaria, too, has 2 pretty ex- 

periment, which ſhews that air may be electriſed. Su 

ding a pair of ſmall light balls, by flaxen threads, to the 5 
of his prime conductor, he turns his globe ſome time, elec· 
triſing poſitively, the balls diver TER: and, continuing ſepa- 
rate all the time, Then he preſents the p point of of a needle 
to his conductor, which gradually drawing off t the electric 

fluid, the balls approach each other, and. touch, before all 
is drawn from the conductor ; opening. again. as more is 
drawn off, and ſeparating nearly « as wide, as, At firſt, when 
the conductor is reduced to the natural tate, I this it ap- 
pears, that when the balls came together, the air durround- | 
ing the balls was juſt, as much electriſed as che conductor 
at that time; and more than the conductor, when that was 
reduced to its natural ſtate. For the balls, though ;jn, the 
natural ſtate, will diverge, when the air that ſurrounds them 
is electriſed plus or minus, as well;as when that is ig dts ga- 
tural ſtate and they are eleGrifed plus og igus . 


fore ſee 
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I foreſee that you will apply this experiment to the ſup- 
port of your hypotheſis, and I think you may N a good 


deal of it. 

It was a curious enquiry of 3 yours, Whether the electri- 
city of the air, in clear dry weather, be of the ſame denſity 
at the height of two or three hundred yards, as near the 


ſurface of the earth; and I am glad you made the expe- 


riment. Upon reflection, it ſhould ſeem probable, that 


whether the general ſtate of the atmoſphere at any time be 


poſitive or negative, that part of it which is next the earth 
will be nearer the natural ftate, by having given to the 


earth in one caſe, or having received from it in the other. 


In electriſing the air of a room, that which is neareſt the 


walls, or floor, is leaſt altered. There is only one ſmall 
ambiguity in the experiment, which may be cleared by 


more trials; it ariſes from the ſuppoſition that bodies may 


HOG Kamen 2s fitively by the friction of air blowing ſtrongly _ 
on them, as it does on the kite and its ſtring. If at ſome 


times the electricity appears to be negative, as that friction 
is the ſame, the effect muſt be from a negative ſtate of the 
upper air, | | 

I am much pleaſed with your electrical thermometer, 
and the experiments you have made with it. I formerly 
ſatisfied myſelf by an experiment with my phial and ſy- 
phon, that the elaſticity of the air was not increaſed by the 
mere exiſtence of an electric atmoſphere within the phial; 


but I did not know, till you now inform me, that heat may 
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be given to it by · an electric exploſion. The continuance 
of its rare faction, for ſome time after the diſcharge of your 
glaſs jar and of your caſe of bottles, ſeem to make this clear. 
The other experiments on wet paper, wet thread, green 
graſs, and green wood, are not ſo ſatisfactory; as poſſibly 
the reducing part of the moiſture to vapour, by the elec- 
tric fluid paſſing through it, might occaſion ſome expanſi- 
on which would be gradually reduced by the condenſation 
of ſuch vapour. The fine ſilver thread, the very ſmall 
braſs wire, and the ſtrip of gilt paper, are alſo ſubject to a 
ſimilar objection, as even metals, in ſuch circumſtances, are 
often partly reduced to ſmoke, particularly the gilding on 

paper. 
Hut your ſubſequent beautiful experiment « on the wire, 
* which you made hot by the electric exploſion, and in that 
ſtate fired gunpowder with it, puts it out of all queſ- 
tion, that heat is produced by our artificial electricity, and 
that the melting of metals in that way, is not by what 1 
formerly called a cold fuſion. A late inſtance here, of the 
melting a bell-wire, in a houſe ſtruck by lightning, and 
parts of the wire burning holes in the floor on which 
they fell, has proved the ſame with regard to the electri- 
city of nature. I was too eaſily led into that error by ac- 
counts given, even in philoſophical, books, and from remote 
ages downwards, of melting money in purſes, ſwords in 
ſcabbards, c. without burning the inflammable matters that 


wenn ſo near thoſe melted metals. But men are, in gene- 
H h h . ral, 
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ral, ſuch careleſs oviervers, that a philoſopher cannot be too 
much on his guard in crediting their relations of things ex- 
traordinary, and ſhould never build an hypotheſis on any 
thing but clear fats and experiments, or it will be. in dan- 


ger of ſoon falling, as this does, like a houſe of cards, 


How many ways there are of kindling fire, or producing 
heat in bodies! By the ſun's rays, by colliſion, by fricti- 
on, by hammering, by putrefaction, by fermentation, by 


mixtures of fluids, by mixtures of ſolids with fluids, and by 


electricity. And yet the fire when produced, though in 
different bodies it may differ in circumſtances, as in colour, 
vehemence, &c. yet in the ſame bodies is generally the 
ſame. Does not this ſeem to indicate that the fire ex- 

iſted in the body, though in a quieſcent ſtate, before it was 

by any of theſe means excited, diſengaged, and brought 
forth to action and to view ? May it not conſtitute part, 
and even a principal part, of the ſolid ſubſtance of bodies? 
If this ſhould be the caſe, kindling fire in a body would be 
nothing more than developing this inflammable principle, 
and ſetting it at liberty to act in ſeparating the parts of that 
body, which then exhibits the appearances of ſcorching, : 
melting, burning, Sc. When a man lights an hundred 
candles from the flame of one, without diminiſhing that 


flame, can it be properly ſaid to have communzeated all that 


fire? When a ſingle ſpark from a flint, applied to a ma- 


gazine of gunpowder, is immediately attended with this 


conſequence, that the whole is in flame, exploding with 
immenſe 


on Pbiloſophical Subjects. 413 
immenſe violence, could all this fire exiſt firſt in the ſpark ? 
We cannot conceive it. And thus we ſeem led to this ſup- 
poſition, that there is fire enough in all bodies to ſinge. 
melt, or burn them, whenever it is, by any means, ſet at 
liberty, ſo that it may exert itſelf upon them, or be diſen- 
gaged from them. This liberty ſeems to be afforded it by 
the paſſage of electricity through them, which we know 

can and does, of itſelf, ſeparate the parts even of water; and 
perhaps the immediate appearances of fire are only the ef- 
fects of ſuch ſeparations * If ſo, there would be no need 
of ſuppoſing that the electric fluid heats 77/e/f by the ſwift- | 
neſs of its motion, or heats bodies by the reſiſtance it meets 
with in paſting through them. They would only be heated 
in proportion as ſuch ſeparation could be more eaſily made. 
Thus a melting heat cannot be given to a large wire in 
the flame of a candle, though it may to a ſmall one ; and 
this not becauſe the large wire reſiſts /z/5 that action of the 
flame which tends to ſeparate its parts, but becauſe it reſiſts 
it more than the ſmaller wire; or becauſe the force being 
divided among more parts, acts weaker on each. 

This reminds me, however, of a little experiment I have 
frequently made, that ſhews, at one operation, the different 
effects of the ſame quantity of electric fluid paſting through 
different quantities of metal. A ſtrip of tinfoil, three inches 
long, a quarter of an inch wide at one end, and tapering 
all the way to a ſharp point at the other, fixed between 
two pieces of glaſs, and having the electricity of a large 
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glaſs jar ſent through it, will not be diſcompoſed in the 
broadeſt part; towards the middle will appear melted in 
ſpots; where narrower, it will be quite melted; and about 
half an inch of it next the point will be reduced to ſmoke. 
You were not miſtaken in ſuppoſing that your account 
of the effect of the pointed rod, in ſecuring Mr. Weſt's houſe 
from damage by a ſtroke of lightning, would give me 
great pleaſure. I thank you for it moſt heartily, and for the 
pains you have taken in giving me ſo complete a deſcrip- 
tion of its ſituation, form, and ſubſtance, with the draft of 
the melted point. There is one circumſtance, viz. that 
the lightning was ſeen to diffuſe itſelf from the foot of the 
rod over the wet pavement, which ſeems, I think, to indi- 
cate, that the earth under the pavement was very dry, and 
that the rod ſhould have been ſunk deeper, till it came to 
earth moiſter and therefore apter to receive and diſſipate 
the electric fluid. And although, in this inſtance, a con- 
ductor formed of nail rods, not much above a quarter of 
an inch thick, ſerved well to convey the lightning, yet 
ſome accounts I have ſeen from Carolina, give reaſon to 
think, that larger may be ſometimes neceſſary, at leaſt for 
the ſecurity of the conductor itſelf, which, when too ſmall, 
may be deſtroyed in executing its office, though it does, at 
the ſame time, preſerve the houſe. Indeed, in the conſtruc- 
8 tion of an inſtrument ſo new, and of which we could have 
ſo little experience, it is rather lucky that we ſhould at firſt 
be ſo near the truth as we ſeem to be, and commit ſo few 
— : -- 5 | There 
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There is another reaſon for ſinking deeper the lower end 
of the rod, and alſo for turning it outwards under ground 
to ſome diſtance from the foundation; it is this, that water 
dripping from the eaves falls near the foundation, and 
ſometimes ſoaks down there in greater quantities, ſo as to 
come near the end of the rod though the ground about it 
be drier. In ſuch caſe, this water may be exploded, that 
1s, blown into vapour, whereby a force is generated that 
may damage the foundation. Water reduced to vapour, is 
faid to occupy 14, ooo times its former ſpace.—I have ſent 
a charge through a ſmall glaſs tube, that has borne it well 
| while empty, but when filled firſt with water, was ſhattered 
to pieces and driven all about the room : —Finding no 
part of the water on the table, I ſuſpected it to have been 

reduced to vapour; and was confirmed in that ſuſpicion 
afterwards, when I had filled a like piece of tube with 
ink, and laid it on a ſheet of clean paper, whereon, after 
the exploſion, I could find neither any moiſture nor any 
ſully from the ink. This experiment of the exploſion of 
water, which I believe was firſt made by that moſt in- 
genious electrician father Beccaria, may account for what | 
we ſometimes ſee in a tree ſtruck by lightning, when 
part of it is reduced to fine ſplinters like a broom ; the 
ſap veſſels being ſo many tubes containing a watry fluid, 
which when reduced to vapour, rends every tube length- 
ways. And perhaps it is this rarefaction of the fluids in 


animal bodies killed by lightning or electricity, that by 
ſeparating 
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ſeparating its fibres, renders the fleth ſo tender, and apt ſo 
much ſooner to putrify, I think too, that much of the 
damage done by lightning to ſtone aad brick walls, may 
ſometimes be owing to the exploſion of water, found, 
during ſhowers, running or lodging in the joints or ſmall. 
cavities or cracks that happen to be in the walls, 

Here are ſome electricians that recommend knobs in- 
ſtead of points on the upper end of the rods, from a ſup- 
poſition that the points invite the ſtroke. It is true that 
points draw electricity at greater diſtances in the gradual 
filent way ; — but knobs will draw at the greateſt diſtance 

a ſtroke. There is an experiment that will ſettle this. 
Take a crooked wire of the thickneſs of a quill, and of 
ſuch a length as that one end of it being applied to the 
Jower part of a charged bottle, the upper may be brought 
near the ball on the top of the wire that is in the bottle. 
Let one end of this wire be furniſhed with a knob, and 

the other be gradually tapered to a fine point. When the 
point is preſented to diſcharge the bottle it muſt be brought 
much nearer before it will receive the ſtroke, than the 
knob requires to be. Points beſides tend to repel the 
fragments of an electriſed cloud, knobs draw them nearer. 

An experiment which I believe I have ſhewn you, of cot- 
ton fleece hanging from an electriſed body, ſhows this 
clearly when a point or a knob is preſented under it. 

You ſeem to think highly of the importance of this 


diſcovery, as do many others on our fide of the water, 
5 1 hs e 
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Here it is very little regarded; ſo little, that though it is 


now ſeven or eight years ſince it was made publick, I have 


not heard of a ſingle houſe as yet attempted to be ſecured 


by it. It is true the miſchiefs done by lightning are not 


ſo frequent here as with us, and thoſe who calculate 
chances may perhaps find that not one death (or the de- 


ſtruction of one houſe) in a hundred thouſand happens 


from that cauſe, and that therefore it is ſcarce worth while 


to be at any expence to guard againſt jit.— But in all 


countries there are particular fituations of buildings more 


expoſed than others to ſuch accidents, and there are minds 
ſo ſtrongly impreſſed with the apprehenſion of them, as 
to be very unhappy every time a little thunder is within 


their hearing; — it may therefore be well to render this 
little piece of new knowledge as general and as well un- 
derſtood as poſlible, ſince to make us ſafe is not all its ad- 
vantage, it is ſome to make us eaſy. And as the ftroke it 
ſecures us from might have chanced perhaps but once in our 


lives, while it may relieve us a hundred times from thoſe 


painful apprehenſions, the latter may poſſibly on the whole 
contribute more to the happineſs of mankind than the former. 
Your kind wiſhes and congratulations are very obliging. I 
return them cordially; — being with great regard and eſteem, 
| My dear Sir, | 
Your affectionate friend, | 
and moſt obedient humble ſervant, 
„. 
LETTER 
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LE TT E R-:XXXIX. 


Accounts from Carolina (mention'd in the forego- 
ing Letter ) of the effects of Lightning, on two 
of the Rods commonly affix d to Houſes there, 
for ** them againſt Lightning, 


, Charles toun, Nov. 1, 1760. 
* — It is ſome Vears ſince Mr. Raven's Rod was 
ſtruck by lightning. I hear an account of it was publiſhed 
at the time, but I cannot find it. According to the beſt 
information I can now get, he had fix'd to the outſide of 
his chimney a large iron Rod, ſeveral feet in length, reach- 
ing above the chimney; and to the top of this rod the 
points were fixed. From the lower end of this rod, a ſmall 
braſs wire was continued down to the top of another f iron 
' rod driven into the earth. On the ground-floor in the 
chimney ſtood a gun, leaning againſt the back wall, nearly 
oppoſite to where the braſs wire came down on the outſide. 
The lightning fell upon the points, did no damage to the 
rod they were fix'd to; but the braſs wire, all down till =: 


came 828 to the top of the gun-barrel, was deftroyed.* 98 
There 


A proof that it was not of ſufficient ſubſtance to conduct with ſafety to itſelf 
(tho with ſafety / 2 8 to the wall) ſo large a quantity of the electric Ro. 
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There the lightning made a hole through the wall or back 

of the chimney, to get to the gun- barrel, down which it 

ſeems to have paſs'd, as, although it did not hurt the barrel, 

it damaged the butt of the ſtock, and blew up ſome bricks 

of the hearth. The braſs wire below the hole in the wall 

remain'd good, —No other damage, as I can learn, was done 

to the houſe.— I am told the ſame houſe had formerly been 
ſtruck by lightning, and much damaged, before theſe rods 

were invented,” — 5 


LET T NX 

Mr. William Maine's Account of the Effects of 
Lightning on his Rod, dated at Indian Land, 
in South Carolina, Aug. 28, 1760. 


| — I had a ſet of electrical points, conſiſting of 
three prongs, of large braſs wire tipt with filver, and per- 
fectly ſharp, each about ſeven inches long; theſe were riveted 
at equal diſtances into an iron nut about three quarters of an 
inch ſquare, and opened at top equally to the diſtance of fix 
or ſeven inches from point to point, in a regular triangle. 
This nut was ſcrewed very tight on the top of an iron rod of 
above half an inch diameter, or the thickneſs of a common 
ECTS. curtain 


+ A more ſubſtantial conductor. 
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curtain rod, compoſed of ſeveral joints, annexed by hooks 
- turned at the ends of each joint, and the whole fixed to the 
chimney of my houſe by iron ſtaples. The points were 
elevated (a), fix or ſeven inches above the top of the chim- 
ney ; and the lower joint ſunk three feet in the earth, in a 
perpendicular direction. | | 
Thus ſtood the points on | Tueſday laſt about five in the 
evening, when the lightning broke with a violent exploſion 
on the chimney, cut the rod ſquare off juſt under the nutt, 
and I am perſuaded, melted the points, nut, and top of the 
rod, entirely up; as after the moſt diligent ſearch, nothing 
of either was found (5), and the top of the remaining rod 
was caſed over with a congealed folder. The lightning ran 
down the rod, ſtarting almoſt all the ſtaples (c), and unhook- 
ing the joints, without affecting the rod (d), except on the 
inſide of each hook where the joints were coupled, the ſur- 
face of which was melted (e), and left as caſed over with 
| ſolder, No part of the chimney was damaged (/, only 
at the foundation (g/, where it was ſhattered almoſt quite 
round, and feveral bricks were torn out (5). Conſiderable ca- 
vities were made in the earth quite round the foundation, 
but moſt within eight or nine inches of the rod. It alſo 
ſhattered the bottom weather-board (i), at one corner of 
the houſe, and made a large hole in the earth by the cor- 
ner poſt. On the other fide of the chimney, it ploughed 
up ſeveral furrows in the earth, ſome yards in length. It 
ran down the inſide of the AY , carrying only ſoot. 
| with 
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with it; and filled the whole houſe with itsflaſh (O), ſmolee, 
and duſt. It tore up the hearth in ſeveral places (in), and 
broke ſome pieces of china in the beaufet (u). A copper 
tea kettle ſtanding in the chimney was beat together, as if 
ſome great weight had fallen upon it (o); and three holes, 
each about half an inch diameter, melted through the bot- 
tom (). What ſeems to me moſt ſurpriſing is, that the 
| hearth under the kettle was not hurt, yet the bottom of 
the kettle was drove inward, as if the lightning proceeded 
from under it upwards (9), and the cover was thrown to 
the middle of the floor (). The fire dogs, an iron logger- 
head, an Indian pot, an earthen cup, and a cat, were all in 
the chimney at the time unhurt, though great part of the 
hearth was torn up (/). - My wife's ſiſter, two children, 
and a Negro wench, were all who happened to be in the 
houſe at the time: The firſt, and one child, fat within five 
feet of the chimney; and were fo ſtunned, that they never 
ſaw the lightning nor heard the exploſion; the wench, with 
the other child in her arms, fitting at a greater diſtance, 
was ſenſible of both; though every one was ſo ſtunn'd that 
they did not recover for ſome time; however it pleaſed God 
that no farther miſchief enſued. The kitchen, at go feet 
diſtance, was full of Negroes, who were all ſenſible of the 
ſhock ; and ſome of them tell me, that they felt the rod 
about a minute after, when it was ſo hot that they could not 
bear it in hand,” 
BE . - REMARKS. 
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The foregoing very ſenſible and diſtinet account may 
afford a good deal of inſtruction relating to the nature and 
effects of lightning, and to the conſtruction and uſe of this 
inſtrument for averting the miſchiefs of it. Like other new 
inſtruments, this appears to have been at firſt in ſome reſ- 
pects imperfect; and we find that we are, in this as in o- 
thers, to expect improvement from experience chiefly: But 
there ſeems to be nothing in the account, that ſhould diſ- 
courage us in the uſe of it; ſince at the ſame time that its 
imperfections are diſcovered, the means of removing them 
are pretty eaſily to be learnt from the circumſtances of the 
account itſelf; and its utility upon the whole is manifeſt. 

One intention of the pointed rod, is, to Prevent a ſtroke 
of lightning. (See pages 126, 162.) But to have a better 
chance of obtaining this end, the points ſhould not be too 
near to the top of the chimney or higheſt part of the build- 


ing to which they are affixed, but ſhould be extended five or 


fix feet above it; otherwiſe their, operation in filently 
drawing off the fire (from ſuch fragments of cloud as float 
in the air between the great body of cloud and the earth) 
will be prevented. For the experiment with the lock of 

cotton hanging below the electrified prime conductor, ſhews, 
that a finger under it, beinga blunt body, extends the cotton, 
drawing its lower part downwards; when a needle with its 
point preſented to the cotton, makes it fly up again tothe prime 
| conductor ; and that this effect is . when as much 
| of 
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of the needle as poſſible appears above the end of the fin- 
ger; grows weaker as the needle is ſhortened between the 
finger and thumb; and is reduced to nothing when only a 
ſhort part below the point appears above the finger. Now 
it ſeems the points of Mr. Maine's rod were elevated only 
(a) fix or ſeven inches above the top of the chimney ; which, 
confidering the bulk of the chimney and the houſe, was too 
ſmall an elevation. For the great body of matter near 
them would hinder their being eaſily brought into a negative 
ſtate by the repulſive power of the electriſed cloud, i 
which negative ſtate: it is that they attract moſt ſtrongly 
and copioully the electric fluid from other bodies, and con- 
vey it into the earth. | | 
(b) Nothing of the points, Cc. could be found. This is a 
common effect. (See page 163.) Where the quantity of 
the electric fluid paſling is too great for the conductor thro? 
which it paſſes, the metal is either melted, or reduced to 
ſmoke and diſſipated; but where the conductor is ſufficiently 
large, the fluid paſſes in it without hurting it. Thus theſe 
three wires were deſtroyed, while the rod to which they 
were fixed, being of greater ſubſtance, remained unhurt 
its end only, to which they were joined, being a little melt- 
ed, ſome of the melted part of the lower ends of thoſe wires 
uniting with it, and appearing on it like ſolder. <, 
(c) (d (e) As the ſeveral parts of the rod were con- 
nected only by the ends being bent round into hooks, the 
contact between hook and hook was much ſmaller than 
| the 
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the rod; therefore the current through the metal being 
confin'd in thoſe narrow paſſages, melted part of the metal, 
as appeared on examining the inſide of each hook, Where 
metal is melted by lightning, ſome part of it is generally 
expioded; and theſe exploſions in the joints appear to have 
been the cauſe of unhooking them; and, by that violent 
action, of ſtarting alſo moſt of the ſtaples. We learn from 
hence, that a rod in one continued piece is preferable to 
one compoſed of links or parts hooked together. 

(7) No part of the chimney was damaged; becauſe the 
lightning paſſed in the rod. And this inſtance agrees with 
others in ſhewing, that the ſecond and principal intention 
of the rods is obtainable, viz. that of conducting the light- 
ning. In all the inſtances yet known of the lightning's 
falling on any houſe guarded by rods, it has pitched down 
upon the point of the rod; and has not fallen upon any 
other part of the houſe. Had the lightning fallen on this 
chimney, unfurniſhed with a rod, it would probably have 
rent it from top to bottom, as we ſee, by the effects of the 
lightning on the points and rod, that its quantity was very 
great; and we know that many chimneys have been ſo 
demoliſhed. But no part of this was damaged, only f 
g at the foundation, where it was ſhattered and ſeve- 
ral bricks torn out. Here we learn the principal defect in 
fixing this rod. The lower joint being ſunk but three feet 
into the earth, did not it ſeems go low enough to come at 
water, or a large body of earth ſo moiſt as to receive rea- 

* | 
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dily from its end the quantity it conducted. ' The electric 
fluid therefore thus accumulated near the lower end of the 
rod, quitted it at the ſurface of the earth, dividing in ſearch 
of other paſſages. Part of it tore up the ſurface in furrows, 
and made holes in it: Part entered the bricks of the foun- 
dation, which being near the earth are generally moiſt, and, 
in exploding that moiſture, ſhattered them. / See page 415.) 
Part went through or under the foundation, and got under 
the hearth, blowing up great part of the bricks /m) ., 
and producing the other effects (9) (p) gr). The 
iron dogs, loggerhead and iron pot were not hurt, being of 
ſufficient ſubſtance, and they probably protected the cat. 
The copper tea kettle being thin, ſuffered ſome damage. 
Perhaps, tho' found on a ſound part of the hearth, it might 
at the time of the ſtroke have ſtood on the part blown up, 
which will account both for the bruiſing and melting. 

That it ran down the inſide of the chimney {k} appre- 
hend muſt be a miſtake. Had it done fo, I imagine it 
would have brought ſomething more than ſoot with it; it 
would probably have ripp'd off the pargetting, and brought 
down fragments of plaiſter and bricks, The ſhake, from the 
_ exploſion on the rod, was ſufficient to ſhake down a good 
deal of looſe ſoot. Lightning does not uſually enter houſes 
by the doors, windows, or chimneys, as open paſſages, in the 
manner that air enters them: Its nature is, to be attracted by 
ſubſtances, that are conductors of electricity; it penetrates and 


paſſes in them, and, if they are not good conductors, as are nei- 
r 4 | the- 
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ther wood, brick, ſtone nor plaiſter, it is apt to rend them 
in its paſſage. It would not eaſily paſs thro' the air from 
a cloud to a building, were it not for the aid afforded it in 
its paſſage by intervening fragments of clouds below the 
main body, or by the falling rain. 

It is ſaid that Zhe houſe was filled with Its flaſh "4 3p 
preſſions like this are common in accounts of the effects of 
lightning, from which we are apt to underſtand that the 
lightning filled the houſe. Our language indeed ſeems to 
want a word to expreſs the light of lightning as diſtinct 
from the lightning itſelf, When a tree on a hill is ſtruck 
by it, the lightning of that ſtroke exiſts only in a narrow 
vein between the cloud and tree, but its light fills a vaſt 
ſpace many miles round; and people at the greateſt diſt- 
| ance from it are apt to ſay, © the lightning came into our 
rooms through our windows. As it is in itſelf extreamly 
bright, it cannot, when ſo near as to ſtrike a houſe, fail : 
illuminating highly every room in it through the windows; 
and this I ſuppoſe to have been the caſe at Mr. Maine's; 
and that, except in and near the hearth, from the cauſes 
abovementioned, it was not in any other part of the houſe ; 
zbe flaſh meaning no more than be light of the lightning.-- 
It is for want of conſidering this difference, that people 
ſuppoſe there is a kind of lightning not attended with 
thunder. In fact there is probably a loud exploſion accom- 
5 panying every flaſh of lightning, and at the ſame inſtant; 
but as ſound trayels flower than light, we often hear the 

| | ſound 
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ſound ſome ſeconds of time after having ſeen the light; 
and as ſound does not travel ſo far as light, we ſometimes 
ſee the light at a diſtance too great to hear the ſound. 

(A) The breaking ſome pieces of china in the beaufet, 
may nevertheleſs ſeem to indicate that the lightning was 
there: But as there is no mention of its having hurt any 
part of the beaufet, or of the walls of the houſe, I ſhould 
rather aſcribe that effect to the concuſſion of the air, or 
ſhake of the houſe by the exploſion. | 

'Thus, to me it appears, that the houſe and its inhabitants 
were ſaved by the rod, though the rod itſelf was unjointed 
by the ſtroke; and that, if it had been made of one piece, and 
ſunk deeper in the earth, or had entered the earth at a greater 
diſtance from the foundation, the mentioned ſmall damages 
(except the melting of the points) would not have happened. 


I. E T T 


Saturday, July 3, 1762. 

O try, at the requeſt of a friend, whether amber 
finely powdered might be melted and run together 

again by means of the electric fluid, I took a piece of 
| ſmall glaſs tube about 2 inches long, the bore about 22 of 
an inch diameter, the glaſs itſelf about the ſame thickneſs; 


I introduced into this tube ſome powder of amber, and 
RX 1 with 
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with two pieces of wire nearly fitting the bore, one in- 
ſerted at one end, the other at the other, I rammed the 
powder hard between them in the middle of the tube, : 
where it ſtuck faſt, and was in length about half an inch. 
Then leaving the wires in the tube, I made them part of- 
the electric circuit, and diſcharged through them three 
rows of my caſe of bottles. The event was, that the 
| glaſs was broke into very ſmall pieces and thoſe diſperſed 
with violence in all directions. As I did not expect this, 
J had. not, as in other experiments, laid thick paper over 
the glaſs to ſave my eyes, ſo ſeveral of the pieces ſtruck 
my face ſmartly, and one of them cut my lip a little ſo as 
to make it bleed. I could find no part of the amber; but 
the table where the tube lay was ſtained very black in 
ſpots, ſuch as might be made by a thick ſmoke forced on 
it by a blaſt, and the air was filled with a ſtrong ſmell, 
ſomewhat like that from burnt gunpowder. Whence I. 
imagined, that the amber was burnt, and had exploded as 
gunpowder would have done in the ſame circumſtances. 

That I might better ſee the effect on the amber, I made 
the next experiment in a tube formed of a card rolled up 
and bound ſtrongly with packthread. Its bore was about 
Z of an inch diameter. I rammed powder of amber into 
this as I had done in the other, and as the quantity of 
amber was greater, I increaſed the quantity of electric 
fluid, by diſcharging through it at once 5 rows of my 
| bottles. On 1 the * 1 W that ſome of the 
powder | 
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powder had exploded, an impreſſion was made on the 
tube though it was not burſt, and moſt of the powder re- 

maining was turned black, which I ſuppoſe might be by 
the ſmoke forced through it from the burnt part: Some 
of it was hard; but as it powdered again when preſſed by 
the fingers, I ſuppoſe that hardneſs not to ariſe from melt- 
ing any parts in it, but merely from my W the * 


der when I charged the tube. 
B. F. 


L E T TER XIII. 


To the Rev. Father Pros A. 


Rev. S I R, London, July 13, 1762. 


Once promiſed myſelf the pleaſure of ſeeing you at 
Turin, but as that is not now likely to happen, being 
juſt about returning to my native country, America, I ſit 
down to take leave of you (among others of my European 

friends that I cannot ſee) by writing. 
I thank you for the honourable mention you have ſo 
frequently made of me in your letters to Mr. Co/l;nſon and 
others, for the generous defence you undertook and exe- 
| K k k 2 | | cuted 
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cuted with ſo much ſucceſs, of my electrical opinions; and 
for the valuable preſent you have made me of your new 
work, from which I have received great information and 
pleaſure. I wiſh I could in return entertain you with any | 
ting new of mine on that ſubjet; but I have not lately 
purſued it. Nor do I know of any one here that is at pre- 
ſent much engaged in it. „ 
Perhaps, however, it may be agreeable to you, as you 
live in a muſical country, to have an account of the new 
inſtrument lately added here to the great number that 
charming ſcience was before poſſeſſed of. As it is an 
inſtrument that ſeems peculiarly adapted to Talian muſic, 
eſpecially that of the ſoft and plaintive kind, I will en- 
deavour to give you ſuch a deſcription of it, and of the 
manner of conſtructing it, that you, or any of your friends, 
may be enabled to imitate it, if you incline ſo to do, with- 
out being at the expence and trouble of the many experi- 
ments I have made in e to bring it to its preſent 
perfection. | 
| You have doubtleſs heard the ſweet tone that is drawn 
from a drinking glaſs, by paſſing a wet finger round its 
brim. One Mr. Puckeridge, a gentleman from Ireland, 
was the firſt who thought of playing tunes, formed of theſe 
tones. He collected a number of glaſſes of different ſizes, 
fixed them near each other on a table, and tuned them by 
putting into them water, more or leſs, as each note required. 
The tones were brought 01 out by pailing his fingers round 
their 


——— 
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their brims,---He was unfortunately burnt here, with his 
Inſtrument, in a fire which conſumed the houſe he lived in. 
Mr. E. Delaval, a moſt ingenious member of our Royal 
Society, made one in imitation of it, with a better choice 
and form of glafies, which was the firſt I ſaw or heard. 
Being charmed with the ſweetneſs of its tones, and the 
muſic he produced from it, I wiſhed only to ſee the glaſſes 
diſpoſed in a more convenient form, and brought together 
in a narrower compaſs, ſo as to admit of a greater number 
of tones, and all within reach of hand to a perſon fitting 
before the inſtrument, which I accompliſhed, after various 
intermediate trials, and leſs commodious forms, both of 
glaſſes and. conſtruction, in the following manner. 

The glaſſes are blown as near as poſ- 
ſible in the form of hemiſpheres, hav- 
ing each an open neck or ſocket in the 
middle. The thickneſs of the glaſs 
= "near the brim about a tenth of an inch, 
om 2 4 | or hardly quite ſo much, but thicker 
as it comes nearer the neck, which in the largeſt glaſſes is 
about an inch deep, and an inch and half wide within, 
theſe dimenſions leſſening as the glaſſes themſelves diminiſh 
in fize, except that the neck of the ſmalleſt ought not to 
be ſhorter than half an inch. — The largeſt glaſs is nine 
inches dizmeter, and the ſmalleſt three inches. Between 
theſe there are twenty-three different ſizes, differing from 


each other a quarter of an inch in diameter, — To make 
a 
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a ſingle inſtrument there ſhould be at leaſt fix glaſſes blown 
of each ſize; and out of this number one may probably 
pick 37 glaſſes, (which are ſufficient for 3 octaves with all 
the ſemitones) that will be each either the note one wants 
or alittle ſharper than that note, and all fitting ſo well 
into each other as to taper pretty regularly from the largeſt 

to the ſmalleſt. . It is true there are not 37 ſizes, but it 
often happens. that two of the ſame ſize differ a note 
or half note in tone, by reaſon of a difference in 
thickneſs, and theſe may be placed -one in the other 
without. ſenſibly hurting the regularity of the taper form. 

The glaſſes being choſen and every one marked with a 

diamond the note you intend it> for, they are to be tuned 
by diminiſhing the thickneſs of thoſe that are too ſharp. 

This is done by grinding them round from the neck to- 

wards the brim, the breadth of one or two inches as may 

be required; often trying the glaſs by a well tuned harpſi- 

chord, comparing the tone drawn from the glaſs by your 
finger, with the note you want, as ſounded by that ſtring 
of the harpſichord. When you come near the matter, be 
careful to wipe the glaſs clean and dry before each trial, 
becauſe the tone is ſomething flatter when the glaſs is wet, 
than it will be when dry; — and grinding a very little be- 
tween each trial, you wilt thereby tune to great exactneſs. 
The more care is neceſſary in this, becauſe if you go be- 
low your required tone, there is no ſharpening it again 
| - + ol 
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but by grinding ſomewhat off the brim, which will after- 
wards require poliſhing, and thus encreaſe the trouble. | 

The glaſſes being thus tuned, you are to be provided 
with a caſe for them, and a ſpindle on which they are to 
be fixed. My caſe 1s about three feet long, eleven inches 
every way wide within at the biggeſt end, and five inches 
at the ſmalleſt end; for it tapers all the way, to adapt it 
better to the conical figure of the ſet of glaſſes. This caſe 
opens in the middle of its height, and the upper part turns 


up by hinges fixed behind. The ſpindle which is of hard 


iron, lies horizontally from end to end of the box within, 
exactly in the middle, and is made to turn on braſs gud- 
geons at each end. It is round, an inch diameter at the 
thickeſt end, and tapering to a quarter of an inch at the 
ſmalleſt. — A ſquare ſhank comes from its thickeſt end 
through the box, on which ſhank a wheel is fixed by a 
ſcrew. This wheel ſerves as a fly to make the motion 
equable, when the ſpindle, with the glaſſes, is turned by the 
foot like a ſpinning wheel. My wheel is of mahogany, 
18 inches diameter, and pretty thick, ſo as to conceal near 
its circumference about 251b of lead. — An ivory pin is 
fixed in the face of this wheel and about 4 inches from 
the axis. Over the neck of this pin is put the loop of the 
ſtring that comes up from the moveable ſtep to give it 
motion. The caſe ſtands on a neat frame with four legs. 

To fix the glaſſes on the ſpindle, a cork is firſt to be 


fitted in each neck ts ai and projecting a little 
without 
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without the neck, that the neck of one may not touch the 
inſide of another when put together, for that would make 
a jarring. — Theſe corks are to be perforated with holes 
of different diameters, ſo as to ſuit that part of the ſpindle 
on which they are to be fixed. When a glaſs is put on, 
by holding it ſtifly between both hands, while another 
turns the ſpindle, it may be gradually brought to its place. 
But care muſt be taken that the hole be not too*ſmall, 
leſt in forcing it up the neck ſhould ſplit; nor too large, 
leſt the glaſs not being firmly fixed, ſhould turn or move 
on the ſpindle, ſo as to touch and jar againſt its neighbour- 
ing glaſs. The glaſſes thus are placed one in another, the 
largeſt on the biggeſt end of the ſpindle which is to the 
left hand ; the neck of this glaſs is towards the wheel, and 
the next goes into it in the ſame poſition, only. about an 
inch of its brim appearing beyond the brim of the firſt; 
thus proceeding, every glaſs when fixed ſhows about an 
inch of its brim, (or three quarters of an inch, or half an 
inch, as they grow ſmaller) beyond the brim of the glaſs 
that contains it; and it is from theſe expoſed parts of each 
glaſs that the tone is drawn, by laying a finger upon one of 
them as the ſpindle and glaſſes turn round. 

My largeſt glaſs is G a little below the reach of a com- 
mon voice, and my higheſt G, | including three compleat 
octaves. — To diſtinguiſh the glaſſes the more readily to 
the eye, I have painted the apparent parts of the glaſſes . 
within fide, every ſemitone white, and the other notes of 
the 
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the octave with the ſeven priſmatic colours, vg. C, red; 
D, orange; E, yellow; F, green; G, blue; A, Indigo; 
B, purple; and C, red again; — ſo that glaſſes of the fame 


colour (the white excepted) are "_ octaves to each 
other. h 
This inſtrument is ms upon, by ſitting before the 
middle of the ſet of glaſſes as before the keys of a harpſi- 
chord, turningthem with the foot, and wetting them now and 
then with a ſpunge and clean water. The fingers ſhould be 
firſt a little ſoaked in water and quite free from all greaſineſs; 
a little fine chalk upon them is ſometimes uſeful, to make 
them catch the glaſs and bring out the tone more readily. 
Both hands are uſed, by which means different parts are 
played together. ---Obſerve, that the tones are beſt drawn 
out when the glaſſes turn from the ends of the' fingers, not 
when they turn 70 them. | =” 

The advantages of this inſtrument are, that its tones are 
incomparably ſweet beyond thoſe of any other; that 
they may be ſwelled and ſoftened at pleaſure by ftronger 
or weaker preſſures of the finger, and continued to any 
length ; and that the inſtrument, being once wo tuned, 
never again wants tuning. | 2152s 

In honour of your muſical language, I bave vie : 
from it the name of this inſtrument, calling it the Armonica. 8 
With e eſteem and reſpect, 15 am, &c. 
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EET TER XL. 
P rom Profeſſor Wuiernzor, to B. F. 


SIX, Cambridge, N. E. Sept. 39, „ 1762. 
HERE is an obſervation relating to electricity in 
the atmoſ phere, which ſeemed new to me, though 

perhaps it will not to you: However, I will venture to 
mention it. I have ſome points on the top of my houſe, | 
and the wire where it paſſes within-ſide the houfe is fur- 
niſhed with bells, according to your method, to give no- 
tice of the paſſage of the electric fluid. In ſummer, theſe 
bells generally ring at the approach of a thunder «cloud ; 
but ceaſe ſoon after it begins to rain. In winter, hoy. 
ſometimes, though not very often, ring while it is ſnow- 
ing; but never, that I remember, when it rains. But 
what was unexpected to me was, that, though the bells 
had not_rung while it was ſnowing, yet the next day, 
after it had done ſnowing, and the weather was cleared up; 
while the ſnow was driven about by a high wind at W. 
or N. W. the bells rung for ſeveral hours (though with 
little intermiſſions) as briſkly as ever I knew them, and I 
drew conſiderable ſparks from the wire. This phenome- 
non I never obſerved but twice; viz. on the 31ſt of 
January, 1760, and the 3d of March, 1702. 


I am, 8, &c. 
LE T- 
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L E T T E R ma 
To a FRIEND. 


Dar x ah 20, 1762. 


Have peruſed your paper on ſound, and would freely 

1 mention to you, as you deſire it, every thing that 
appeared to me to need correction :— But nothing of that 
kind occurs to me, unleſs it be, where you ſpeak of the 
air as the be/# medium for conveying ſound.” Perhaps 
this is ſpeaking rather too poſitively, if there be, as I 
think there are, ſome other mediums that will convey it 
farther and more readily. — It is a well-known experi- 
ment, that the ſcratching of a pin at one end of a long 
piece of timber, may be heard by an ear applied near the 
other end, though it could not be heard at the ſame 
_ diſtance through the air. — And two ſtones being ſtruck 
ſmartly together under water, the ſtroke may be heard at 

| greater diſtance by an ear alſo placed under water in the 
ſame river, than it can be heard through the air. I think 
1 have heard it near a mile; how much farther it may be 
heard, I know not; but ſuppoſe a great deal farther, be- 
cauſe the ſound did not ſeem faint, as if at a diſtance, like 
Aiſtant ſounds through air, but ſmart and ſtrong, and as if 
preſent juſt at the ear. —1I wiſh you would repeat theſe 

| BI _ | expe . 
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experiments now you are upon the ſubject, and add your 
own obfereations. — And if you were to repeat, with 
| your naturally exact attention and obſrvaticn, the com- 
mon experiment of the bell in the exhauſted receiver, 
poſſibly ſomething new may occur to you, in con ſidering, 

1. Whether the experiment is not ambiguous; 7. e. 
whether the gradual exhauſting of the air, as it creates an 
creaſing difference of preſſure on the outſide, may not 
occaſion in the glaſs a difficulty of vibrating, that renders 
it leſs fit to communicate to the air without, the vibrations 
that ſtrike it from within; and the diminution of the 
ſound ariſe from this cauſe, rather khan from the diminu- 
tion of the air? | 

2. Whether as the particles of air [themſelves are at a 
diſtance from each other, there muſt not be ſome medium 
between them, proper for conveying ſound, fince other- 
wiſe it would ſtop at the firſt particle? 

3. Whether the great difference we experience in hear- 
ing ſounds at a diſtance, when the wind blows towards us 
from the ſonorous body, or towards that from us, can be 
well accounted for by adding to or ſubſtracting from the 
ſwiftneſs of ſound, the degree of ſwiftneſs that is in the 
wind at the time? The latter is ſo ſmall in proportion, 
that it ſeems as if it could ſcarce produce any ſenſible 
effect, and yet the difference is very great. Does not this 
give ſome hint, as if there might be a ſubtile fluid, the 
conductor of ſound, which moves at different times in 


N different directions over the ſurface of the earth, and 
whoſe 
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whoſe motion may perhaps be much ſwiſter than that of | 4 
the air in our ſtrongeſt winds; and that in paſſing through | ad 
air, it may communicate that motion to the air which we 
call wind, though a motion in no degree ſo ſwift as its 
own? | ” - 

4. It is ſomewhere related, that a piſtol fired. on the 
top of an exceeding high mountain, made a noiſe like thun- 
der in the valleys below. Perhaps this fact is not exactly 
related: but if it is, would not one imagine from it, that 
the rarer the air, the greater ſound might be produced in it 
from the ſame cauſe ? i 

45 Thoſe balls of fire which are ſometimes ſeen paſſing 
over a country, computed by philoſophers to be often 30 
miles high at leaſt, ſometimes burſt at that height; the air | 
muſt be exceeding rare there, and yet the exploſion produ- —m 
ces a ſound that is heard at that diſtance, and for 70 miles 1 
round on the ſurface of the earth, ſo violent too as to ſhake iþ 
buildings, and give an apprehenſion of an earthquake. Does 
not this look as if a rare atmoſphere, almoſt a vacuum, 
was no bad conductor of found? : 

I have not made up my own mind on theſe points, and 
only mention them for your conſideration, knowing that bl. 
every ſubject is the better for your handling it. j 
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With the greateſt eſteem, I am, &c. B. F. 
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EET TER M. 
To Dr. P. in Lads 


STIR, Philadelphia, Dec. r, 1962, 
URING our paſſage to Madeira, the weather be- 
ing warm, and the cabbin windows conſtantly open 

for the benefit of the air, the candles at night flared and 
run very much, which was an inconvenience. At Madeira 
we got oil to burn, and with a common glaſs tumbler or 
beaker, flung in wire, and ſuſpended to the cieling of the 

cabbin, and a little wire hoop for the wick, furniſh'd with 
corks to float on the oil, I made an Italian lamp, that gave 
us very good light all over the table. The glaſs at bottom 
contained water to about one third of its height; another 
third was taken yp with oil; the reſt was left empty that 


the fides of the glaſs might protect the flame from the 


wind, There is nothing remarkable in all this; but what 
follows is particular. At ſupper, looking on the lamp, I re- 
marked that tho' the ſurface of the oil was perfectly tranquil, 
and duly preſerved its poſition and diſtance with regard to 
the brim of the glaſs, the water under the oil was in great 


5 n. riſing and falling in irregular waves; which 


continued 


« 
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continued during the whole evening. The lamp was kept 
burning as a watch light all night, till the oil was ſpent, 
and the water only remain'd. In the morning I obſerved, 
that though the motion of the ſhip continued the ſame, the 
water was now quiet, and its ſurface astranquil as that of the 
oil had been the evening before. At-night again, when -oil 
was put upon it, the water reſum'd its irregular motions, 
riſing in high waves almoſt to the ſurface of the oil, but 
without diſturbing the ſmooth level of that ſurface. And 
this was repeated every day during the voyage. 
 Sincemy arrival in America, IJ have repeated the experi- 
ment frequently thus. I have put a pack-thread round a 
tumbler, with ſtrings of the ſame, from each ſide, meeting 
above it in a knot at about a foot diſtance from the top of 
the tumbler. Then putting in as much water as would 
fill about one third part of the tumbler, I lifted it up by 
the knot, and ſwung it to and fro in the air; when the 
the water appeared to keep its Place in the tumbler as ſtea- 
dily as if it had been ice.—But pouring gently in upon the 
water about as much oil, and then again ſwinging it in the 
air as before, the tranquility before poſſeſſed by the water, 
was transferred to the ſurface of the oil, and the water under 
it was agitated with the ſame commotions as at ſea. 
I have ſhewn this experiment to a number of ingenious 
perſons. Thoſe who are but ſlightly acquainted with the 
principles of hydroſtatics, &c. are apt to fancy immedi- 
| —P that they-underſtand it, and ae attempt to explain 
it; 
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It; but their explanations have been different, and to me 
| not very intelligible. —Others more deeply {kill'd in thoſe 
principles, ſeem to wonder at it, and promiſe to confider | 
: 3 And 1 think 1 it is worth conſidering: For a new appear- 
ance, if it cannot be explain'd by our old principles, may 
afford i us new ones, of uſe perhaps in explaining ſome other 
obſeure parts of natural knowledge. 
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From Mr. A. S. to B. F. 


Have juſt recollected that in one of our great ſtorms of 

N lightning, I faw an appearance, which I never obſerved 
before, nor ever heard deſcribed. I am perſuaded that 1 
faw the flaſh which ſtruck St. Bride's ſteeple, Sitting at 
my window, and looking to the north, I faw what appear- 
ed to me a ſolid ſtreight rod of fire, moving at a very ſharp 
angle with the horizon. It appeared to my eye as abour 
two inches diameter, and had nothing of the zig-zag light- 
ning motion. I inſtantly. told a perſon fitting with me, that 
| ſome 
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ſome place muſt be ſtruck at that inſtant. I was ſo much 
ſurprized at the vivid diſtinct appearance of the fire, that I 
did not hear the clap of thunder, which ſtunned every one 
beſides. Conſidering how low it moved, I could not have 
thought it had gone ſo far, having St. Martin's, the New 
Church, and St. Clement's ſteeples in its way. It ſtruck 
the ſteeple a good way from the top, and the firſt impreſſion 
it TY in the ſide is in the ſame direction I ſaw it move 

It was ſucceeded by two flaſhes, almoſt united, mov- 
ing in a pointed direction. There were two diſtinct houſes 
ſtruck in Effex ſtreet. I ſhould have thought the rod 
would have fallen in Covent Garden, it was ſo low. Perhaps 


the appearance is —_— though never before ſeen by 
| 8 A. 8. 


L. E T EX N 
To Mr. P. F. Newport. 


You may acquaint the gentleman that deſired 
you to enquire my opinion of the beſt method of ſecuring 


a powder magazine from lightning, that I think they can- 
M m m | not 
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not do better than to erect a maſt not far from it, which may 


reach 15 or 20 feet above the top of it, with a thick iron 


rod in one piece faſtened to it, pointed at the higheſt end, 
and reaching down through the earth till it comes to water. 


Iron is a cheap metal; but if it were dearer, as this is a 


publick thing, the expence is inſignificant ; therefore I 


would have the rod at leaſt an inch thick, to allow for its 


gradually waſting by ruſt; it will laſt as long as the maſt, 
and may be renewed with it. The ſharp point for five or 


ſix inches ſhould be gilt. 
But there is another circumſtance of i importance to the 


Kath, goodneſs and uſefulneſs of the powder, which 


does not ſeem to have been enough attended to: I mean the 
keeping it perfectly dry. For want of a method of doing 


this, much is ſpoilt in damp magazines, and much fo da- 
maged as to become of little value.— If inſtead of barrels 
it were kept in caſes of bottles well cork'd; or in large tin 


caniſters, with ſmall covers ſhutting cloſe by means of oil'd 
paper between, or covering the joining on the caniſter; or 
if in barrels, then the barrels lined with thin ſheet lead; no 
moiſture in either of theſe methods could poſſibly enter the 
powder, ſince glaſs and metals are both impervious to 


Water. 
By the latter of theſe means you ſee tea is brought dry 


and criſp from China to Europe, and thence to America, tho 


it comes s all the way wt ſea in the damp hold of a ſhip. 
„ = And 
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And by this method, grain, meal, &c. if well dry'd before 
tis put up, may be kept for ages ſound and good. 


There is another thing very proper to line ſmall barrels 


with; it is. what they call tin- foil, or leaf-tin, being tin 
mill'd between rollers till it becomes as thin as paper, and 
more pliant, at the ſame time that itstextureis extreamly cloſe. 
It may be apply'd to the wood with common paſte, made 
with boiling water thicken'd with flour; and, ſo laid on, will 


lie very cloſe and ſtick well: But I ſhould prefer a hard 
ſticky varniſh for that purpoſe, made of linſeed oil much 
boil'd. The heads might be lined ſeparately, the tin wrap- 
ping a little round their edges. The barrel while the lining 


is laid on, ſhould have the end hoops ſlack, ſo that the 
ſtaves ſtanding at a little diſtance from each other, may ad- 
mit the head into its groove. The tin- foil ſhould be 
plyed into the groove. Then one head being put 


in, and that end hoop'd tight, the barrel would be fit to 


receive the powder, and when the other head is put in and 
the hoops drove up, the powder would be ſafe from moi- 
ſture even if the barrel were kept under water. This tin-foil 
but about 18 pence ſterling a pound, and is ſo extreamly 
thin, that I imagine a pound of it would line three or four 


powder barrels. 55 
| Tam &c, . 
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LETTER XLVIIL 


u, at Wanſtead. 


To Miſs 8 


Craven-ſtreet, May 17, 1760. 


Send my dear good girl the books I mentioned to her 

1 laſt night. I beg her to accept them as a ſmall mark 
of my eſteem and friendſhip. They are written in the fa- 
miliar eaſy manner for which the French are ſo remarka- 
ble, and afford a good deal of philoſophic and practical 
knowledge, unembarras'd with the dry mathematics uſed 
by more exact reaſoners, but which is apt to diſcourage 
young beginners, —I would adviſe you to read with a pen 
in your hand, and enter in a little book ſhort hints of what 
you find that is curious, or that may be uſeful ; for this 
will be the beſt method of imprinting ſuch particulars in 
your memory, where they will be ready, either for practice 
on ſome future occaſion, if they are matters of utility; or at 
leaſt to adorn and improve your converſarion, if they are 
rather points of curioſity. — And, as many of the terms of 
| ſcience are ſuch as you cannot have met with in your com- 
mon reading, and may therefore be unacquainted with, I 
think it would be well for you to have a good dictionary at 
hand, to conſult immedigtely when you meet with a word 
ik e vou 
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you do not comprehend the preciſe meaning of. This may 


at firſt ſeem troubleſome and interrupting; but 'tis a trouble 
that will daily diminiſh, as you will daily find leſs and leſs 
occaſion for your Dictionary as you become more ac- 
quainted with the terms; and in the mean time you will 
read with more ſatisfaction becauſe with more underſtand- 


ing. When any point occurs in which you would be glad 


to have farther information than your book affords you, I 
beg you would not in the leaſt apprehend that I ſhould 
think it a trouble to receive and anſwer your queſtions. It 
will be a pleaſure, and no trouble, For though I may 


not be able, out of my own little ſtock of knowledge to : 


afford you what you require, I can eaſily direct you to the 
books where it may moſt readily be found. Adieu, and 
believe me ever, my dear friend, | 
5 Yours aſſectionately, 


B. FRANKLIN. 


LETTERS ms 
To the ſame. 


Craven-ſtreet, June 11, 1760. 
IS a very ab queſtion you aſk, how the air 
can affect the barometer, when its opening appears 


covered with wood ?—If indeed it was ſo cloſely covered 


as 


1 — — 


2 
I 
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as to admit of no communication of the outward air to the 
ſurface of the mercury, the change of weight in the air 
could not poſſibly affect it. But the leaſt crevice is ſuffici- 
ent for the purpoſe ; a pinhole will do the buſineſs. And 
if you could look behind the frame to which your baro- 
meter is fixed, you would e find ſome ſmall 
opening. | | 
There are indeed ſome baromeners: in which the body 
of mercury at the lower end 1s contained in a cloſe leather _ 
bag, and ſo the air cannot come into immediate contact 
with the mercury; yet the ſame effect i is produced. For 
the leather being flexible, when the bag i is preſſed by any 
additional weight of air, it contracts, and the mercury is 
forced up into the tube; when the air becomes lighter, 
and its preſſure leſs, the weight of the mercury prevails, 
and it deſcends again into the bag. 
Voour obſervation on what you have lately trad concern- 
ing inſects, is very juſt and ſolid. Superficial minds are 
apt to deſpiſe thoſe who make that part of the creation 
their ſtudy, as mere triflers; but certainly the world has 
been much obliged to them. Under the care and manage - 
ment of man, the labours of the little Silk worm afford 
employment and ſubſiſtence to thouſands of families, and 
become an immenſe article of commerce. The Bee, too, 
yields us its delicious honey, and its wax uſeful to a multi- 
tude of purpoſes. Another inſect, it Is faid, produces the 
Cochineal, from whence we have our rich ſcarlet dye. 
| The 


7 WF. 
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The uſefulneſs of the Cantharides or Spaniſh flies, in medi- 
cine, is known to all, and thouſands owe their lives to that 
knowledge. By human induſtry and obſervation, other 

properties of other inſects may poſſibly be hereafter diſ- 
covered, and of equal utility. A thorough acquaintance 
with the nature of theſe little creatures, may alſo enable 
mank ind to prevent the increaſe of ſuch as are noxious or 
ſecure us againſt the miſchiefs they occaſion. Theſe 
things doubtleſs your books make mention of: I can only 
add a particular late inſtance which I had from a Swediſh 
gentleman of good credit. In the green timber intended 
for ſhip-building at the king's yards in that country, a kind 
. of worms were found, which every year became more nu- 
merous and more pernicious, ſo that the ſhips were greatly 
damaged before they came into uſe. The king ſent Lin- 
næus, the great naturaliſt, from Stockholm, to enquire into 
the affair, and ſee if the miſchief was capable of any re- 
medy. He found, on examination, that the worm was 
produced from a ſmall egg, depoſited in the little rough- 
neſſes on the ſurface of the wood, by a particular kind of 
fly or beetle; from whence the worm, as ſoon as it was 
hatch'd, began to eat into the ſubſtance of the wood, and 

after ſome time came out again a fly of the parent kind, 
and ſo the ſpecies increas'd. The ſeaſon in which the 
fly laid its eggs, Linnæus knew to be about a fortnight (I 
think) 1 in the month of May, and at no other time in the 
year. He therefore advis'd, that ſome days before that 
ſeaſon 
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ſeaſon, all the green timber ſhould be thrown into the wa- 


ter, and kept under water till the ſeaſon was over. Which 
being done by the king's order, the flies miſſing their 

uſual neſts, could not increaſe; and the ſpecies was either 
deſtroyed or went elſewhere ; and the wood was effectually 
preſerved, for after the firſt year, it became too dry and __ - 


for their purpoſe. 
There is, however, a prudent moderation to be uſed j in 
ſtudies of this kind. The knowledge of nature may be 


ornamental, and it may be uſeful; but if to attain an emi- 
nence in that, we neglect the knowledge and practice of 
eſſential duties, we deſerve reprehenſion. For there is no 


rank in natural knowledge of equal dignity and importance 
with that of being a good parent, a good child, a good 
huſband, or wife, a good neighbour or friend, a good ſub- 
ject or citizen, that is, in ſhort, a good chriſtian, Nicholas 
Gimcrack, therefore, who neglected the care of his family, 


to purſue butterflies, was a juſt object of ridicule, and we : 
_ muſt give him up as fair game to the ſatyriſt. 


owe, my dear friend, and believe me ever 
Wurs affetiionately, 


B. FRANKLIN, 


LET 


* 
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To the lame. 


My dear Friend, London, Sept. 13, 1760. 


HAVE your agreeable letter from Bri/fol, which I take - 
this firſt leiſure hour to anſwer, having for ſometime 
been much engaged in buſineſs. 

Your firſt queſtion, What is the reaſon the water at this 
place, though cold at the ſpring, becomes warm by Pumping ? 
It will be moſt prudent in me to forbear attempting to | 
anſwer, till, by a more circumſtantial account, you alſure | 
me of the fact. I own I ſhould expect that operation to 
warm, not ſo much the water pumped, as the perſon pump- 


ing. The rubbing of dry ſolids together, has been long 


obſerved to produce heat; but the like effect has never yet, 


that I have heard, been produced by the mere agitation 'D 


of Auids, or friction of fluids with ſolids. Water i in a bot= 
tle ſhook for hours by a mill hopper, it is faid, difcovered 


no ſenſible addition of heat. The production of animal 


heat by exerciſe, is therefore to be accounted for in another 


manner, which I may n endeavour to make you ac- 


quainted with; | 
| N nn This 
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This prudence of not attempting to give reaſons before 
one is ſure of facts, I learnt from one of your ſex, who, as 
Selden tells us, being in company with ſome gentlemen 
that were viewing, and conſidering ſomething which. they 
called a Chineſe ſhoe, and diſputing earneſtly about the 

manner of wearing it, and how it could poſſibly be put on; 
put in her word, and faid modeſtly, Gentlemen, are you ſure 
it is a ſhoe 2—Should not that be ſettled firſt? 

But I ſhall now endeavour to explain what I ſaid to you 
about the tide in rivers, and to that end ſhall make a figure, 
which though not very like a river, may ſerve to convey 
my meaning.—Suppoſe a canal 140 miles long, communi- 
cating at one end with the ſea, and filled therefore with ſea 
water. I chuſe a canal at firſt, rather than a river, to throw 
out of conſideration the effects produced by the ſtreams of 
freſh water from the land, the inequality i in breadth, nd 
the crookedneſs of courſes. | 


Let A, C, be the head of the canal; C, D, the bottom of 
it; D, F, the open mouth of it next the ſea, Let the ftrait 
prick'd line, B, G, repreſent low water mark the whole 
length of the canal, A, F, high water mark :—Now if a 
perſon ſtanding at E, and obſerving at the time of high 
water there, that the canal is quite full at that place up to 
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the line E, ſhould conclude that the canal is equally full to 
the ſame height from end to end, and therefore there was 
as much more water come into the canal fince it was down 
at low water mark, as would be included in the oblong 
ſpace A, B, G, F, he would be greatly miſtaken. For the 
tide is a Mave, and the top of the wave, which makes high 
water, as well as every other lower part, is progreſſive; and 
it is high water ſucceſſively, but not at the ſame time, in all 
the ſeveral points between G, F, and A, B,—And in ſuch 
a length as I have mentioned it is low water at F, G, and 
alſo at A, B, at or near the ſame time with its being high 
water at E; ſo that the ſurface of the water in the canal, 
during that ſituation, is properly repreſented by the curve 
pricked line B, E, G. And on the other hand, when it is 
low:water at E, H, it is high water both at F, G, and at 
A, B, at or near the ſame time; and the ſurface would then 
be deſcribed by the inverted curve line, A, H, F. 

In this view of the caſe, you will eaſily ſee, that there 
muſt be very little more water in the canal at what we call 
high water, than there is at low water, thoſe terms not re- 
| ating to the whole canal at the ſame time, but ſucceſſively 
to its parts. And if you ſuppoſe the canal ſix times as 
long, the caſe would not vary as to the quantity of water at 
different times of the tide; there would only be ſix waves 
in the canal at the ſame time, inſtead of one, and the hol- 
lows in the water would be equal to the hills, 
| 5: Nan 2 That 
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That this is not mere theory, but conformable to fact, we 
know by our long rivers in America. The Delaware, on 
which Philadelphia ſtands, is in this particular ſimilar to 
the canal I have ſuppoſed of one wave: For when it is 
high water at the Capes or mouth of the river, it is alſo 
high water at Philadelphia, which ſtands about 140 miles 
from the ſea; and there is at the ſame time a low water in 
the middle between the two high waters; where, when it 
comes to be high water, it is at the ſame time low water at 
the Capes and at Pbiladelplia. And the longer rivers have, 
ſome a wave and half, ſome two, three, or four waves, ac- 
cording to their length, In the ſhorter rivers of this iNand, 
one may ſee the ſame thing in part; for inſtance, it is high 
water at Graveſend an hour before it is high water at London 
Bridge; and 20 miles below Graveſend an hour before it is 
| high water at Graveſend. Therefore at the time of high 
water at Graveſend the top of the wave is there, and the 
water is then not ſo high by ſome feet where the top of the 
wave was an hour before, or where it will be an eur after, 
as it is juſt, then at Graveſend. 

Now we are not to ſuppoſe, that becauſe the ſwell or top 
of the wave runs at the rate of 20 miles an hour, that there- 
fore the current or water itſelf of which the wave is com- 
paſed, runs at that rate. Far from it. To conceive this 

motion of a wave, make a ſmall experiment or two. Faſten 


one end of a cord in a window near the top of a houſe, and 


let the other end come down to the ground; take this end in 
9 
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your hand, and you may, by a ſudden motion occaſion a 
wave in the cord that will run quite up to the window; 
but though the wave is progreſſive from your hand to the 
window, the parts of the rope do not proceed with the 
wave, but remain where they were, except only that kind 
of motion that produces the wave.—So if you throw a 
ſtone into a pond of water when the ſurface is ſtill and 
ſmooth, you will ſee a circular wave proceed from the 
None as its center, quite to the ſides of the pond; but the 
water does not proceed with the wave, it only riſes and 
falls to form it in the different parts of its courſe; and the 
waves that follow the firſt, all make uſe of the ſame water 
with their predeceſſors. | 
But a wave in water is not indeed in all circumſtances 
exactly like that in a oord; for water being a fluid, and gra- 
vitating to the earth, it naturally runs from a higher place to 
a lower; therefore the parts of the wave in water do actually 
run a little both ways from its top towards its lower ſides, 
which the parts of the wave in the cord cannot do. Thus 
when it is high and ſtanding water at Graveſend, the water 
20 miles below has been running ebb, or towards the ſea 
for an hour, or ever ſince it was high water there; but the 
water at London Bridge will run flood, or from the ſea yet 
another hour, till it is high water or the top of the wave 
arrives at that bridge, and then it will have run ebb an hour 
at Graveſend, &c. & c. Now this motion of the water, oc- 
caſioned * by its $ gravity, aptendency to run from a higher 


place. 
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place to a lower, is by no means ſo ſwift as the motion of 
the wave. It ſcarce exceeds perhaps two miles in an 
hour. If it went as the wave does twenty miles an hour, 
no ſhips could ride at anchor in ſuch a ſtream, nor boats 
row againſt it. 

In common ſpeech, 1 this current of the water 
both ways from the top of the wave is called he tide; thus 
we ſay, the tide runs ſtrong, the tide runs at the rate of one, 
tao, or three miles an hour, &c. and when we are at a part 
of the river behind the top of the wave, and find the water 
lower than high-water mark, and running towards the ſea 
we ſay, the tide runs ebb; and when we are before the top 
of the wave, and find the water higher than low-water 

mark, and running from the ſea, we ſay, the ide runs flood; 
but theſe expreſſions are only locally proper; for a tide 
ſtrictly ſpeaking, is one whole wave, including all its parts 
higher and lower, and theſe waves n one another a- 

bout twice in 24 hours. | 
This motion of the water occaſioned by its gravity, will 
explain to you why the water near the mouths of rivers 

may be falter at high water than at low. Some of the 
ſalt water, as the tide wave enters the river, runs from its 
top and fore ſide, and mixes with the freſh, and alſo puſhes 
It back up the river. 1 

Suppoſing that the water commonly runs during the flood 
at the rate of two miles in an hour, and that the flood runs 
five hours, you ſee that it can . at moſt into our canal 

88 . 


on Philoſophical Subjects. 455 
only a quantity of water equal to the ſpace included in the 
breadth of the canal, ten miles of its length, and the 
depth between low and high-water mark ; which is but a 
fourteenth part of what would be neceſſary to fill all the 
| ſpace between low and high-water mark, for 140 miles, | 
the whole length of the canal. | 

And indeed ſuch a quantity of water as ould Gl that 
whole ſpace, to run in and out every tide, muſt create ſo 
outrageeus a current as would do infinite damage to the 
ſhores, ſhipping, &c. and make the navigation of a river 
almoſt impracticable. 

I have made this letter longer than I intended, and there- 
fore reſerve for another what J have further to ſay on the 
ſubject of tides and rivers. I ſhall now only add, that I 
have not been exact in the numbers, becauſe I would avoid 
perplexing you with minute calculations, my deſign at pre- 

ſent being chiefly to give you diſtinct and clear ideas of the 
firſt principles. | 

After writing fix folio pages of philoſophy to a young 
girl, is it neceſſary to finiſh ſuch a letter with a compli- 
- ment?—Is not ſuch a letter of itſelf” a compliment? 
Does it not ſay, ſhe has a mind thirſty after knowledge, and 
capable of receiving it; and that the moſt agreeable things 
one can write to her are thoſe that tend to the improvement 
of her underſtanding It does indeed ſay all this, but then 
it is ſtill no compliment; it is no more than plain honeſt 
truth, which is not the character of a compliment. So if I 

1 1 | would 
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would finiſh my letter in the mode, I ſhould yet add ins 


thing that means nothing, and is merely civil and polite.— 
But being naturally aukward at every circumſtance of cere- 


mony, I ſhall not attempt it. I had rather conclude ab- 


ruptly with what pleaſes me more than any compliment 


can pleaſe you, that I am allowed to ſubſcribe myſelf 


Hb our affectionate friend, 
B. FRANKLIN. 


LETTER II. 


To die fame.” 


[= My dear Mins G Manley March 30, 1761. 


UPPOSING the fact, that the water of the well at 

» Briſtol is warmer after ſometime pumping, I think 
your manner of accounting for that inereaſed warmth very 
ingenious and probable. It did not occur to me, and there- 


fore I doubted of the fact. 


Vou are, I think, quite right in your opinion, that the 
1 of the tides 2 in rivers is not owing to the immediate 
influence | 
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influence of the. moon on the. rivers, If is rather a ſubſe- 
quent. effect of the. influence of. the moon on the ſea, aud 
does not make its appearance in. ſome rivers t till: the nioon | 
has long paſs d by. I have, not expreſs; d. myſelf. clearly. if 
you have underſtood me to mean otherwiſe. You know I 
have mentioned it as a fact, that there are in ſome rivers 
ſeveral tides all exiſting at the ſame time; that is, two, 
three, or more, high- waters, and as many low- waters, in 
different parts of. the ſame river, which cannot poſſibly be 
all effects of the moon's immediate action on that river; 
but they may be ee effects of her action on the 
Rea 2. * 4 5 
In the cut; paper you will find my "rn on 
ſeveral points relating to the air, and, the evaporation of 
water. It is Mr. Collinfon's copy; who took it from one I 
ſent thro' his hands to a correſpondent in France ſome years 
ſince; I have, as he deſired me, corrected the miſtakes he 
made in tranſcribing, and muſt return it to him; but if you 
think it worth while, you may take a copy of it: 1 
would have ſaved e ente of that kind, but bad 
not / time. | 
Some day-in.the extaiithey followingoweek, 1 purpo ole 
to have the pleaſure of ſeeing you at-//anftead; I hall 
- accompany. your good mama thither, and ſtay till the next 
morning, if it may be done without incommoding your 
family too much. We may then diſcourſe, any points in 
that 3 do not ſeem clear to you; and taking a walk 
O o o to 
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| do lord Rue 8 ponds, make a few experiments there to 

| | explain the nature of the tides more fully. In the mean 

ä „ 5 time, believe me to be, with the e er eſteem and d. | 
4 your N affectionate n 


1 « 
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B. FRANKLIN, 
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ae oh 1 che ſage. 


 Cravenſr. Aug. 1 10, 1761. 


E are to . out this week for Holland, Sha we 
VV . may poſſibly ſpend a month, but purpoſe to be at 
home again before the coronation. I could not go with- 
out taking leave of you by a line at leaſt, en 1 am 510 
many letters i in your debt. | 
In yours of May 19, which I have 1 me, you I 
of the eaſe with which ſalt water may be made freſh by 
ve diſtillation, ſuppoſing it to be, as J had ſaid, that in evapora- 
tion the air would take up water but not the ſalt that was 

| mixed 


4 
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mixed with it. It is true that diſtilled ſea water will not 
be ſalt, but there are other diſagreeable qualities that riſe 


with the water in diſtillation ; which indeed ſeveral beſides 


Dr. Holes have endeavoured by ſome means to prevent ; 


but as yet their methods have not been brought much into 


uſe. 
I have a ſingular opinion on this ſubject, which I will 


venture to communicate to you, though I doubt you will 


rank it among my whims. It is certain that the ſkin has 
imbibing as well as diſcharging pores; witneſs the effects of 


a bliſtering plaiſter, &c. 1 have read that a man hired by a 
phyſician to ſtand by way of experiment in the open air 
naked during a moiſt night, weighed near three pounds 
heavier in the morning. I have often obſerved myſelf, that 


however thirſty I may have been before going into the 


water to ſwim, I am never long ſo in the water. Theſe 
imbibing pores, however, are very fine, perhaps fine enough 


in filtring to ſeparate falt from water; for though I have 


ſoaked (by ſwimming, when a boy) ſeveral hours in the day 


for ſeveral days ſucceſſively in ſalt- water, I never found my 


blood and juices ſalted by that means, ſo as to make me 


thirſty or feel a ſalt taſte in my mouth: And it is remarka-. 


ble that the fleſh of ſea fiſh, though bred in falt water is 
not ſalt.— Hence I imagine, that if people at ſea, diſtreſſed 
by thirſt when their freſh water is unfortunately ſpent, 
would make bathing-tubs of their empty water caſks, and 


filling them with ſea water, fit in them an hour or two 


O09 2 FF 
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each day, they might be greatly relieved. Perhaps keep- 
ing their cloaths conſtantly wet might have an almoſt e- 
qual effect; and this without danger of catching cold. 
Men do not catch cold by wet cloaths at ſea. Damp but 
not wet linen may poſſibly give colds; but no one catches 
cold by bathing, and no cloaths can be wetter than water 
itſelf. Why damp cloaths ſhould then occafion colds, is 
a curious queſtion, the diſcuſſion of which I reſerve for a 
future letter, or ſome future converſation. 

Adieu, my little philoſopher. Preſent my reſpect- 
ful compliments to the good ladies your aunts, and to miſs 
Pitt; and believe me ever 

. Your ofiitimate friend. 
and humble Servant, 
B. FRANKLIN. 


Ts the lame. 


3 1 March aa, ba. 
5. Us T retract is charge of idleneſs in your ſtudies, 
When I find you have gone thro' the doubly difficult 
tak of reading ſo big a book, on an abſtruſe ſubject and in 
a foreign language. 


In 


JV 
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In anſwer to your queſtion concerning the Leiden phial; 
— The hand that holds the bottle receives and conducts 
away the electric fluid that is driven out of the outfide by 
the repulfive power of that which is forced into the infide 
of the bottle. As long as that power remains in the ſame 
ſituation, it muſt prevent the return of what it had expelled; 
though the hand would readily ſupply the quantity if it 
could be received, 
| Your affectionate Friend, 
B. FRANKLIN, 


LETTER HW 
To the ſame. 


9 Craven reel, e Bveuas, paſt 10. 
HE queſtion you alk me is a very ſenſible one, and 
I ſhall be glad if I can give you a ſatisfactory anfwer. 
There are two ways of contracting a chimney ; one, by 
contracting the opening, before the fire ;-the other, by con- 
tracting the funnel abroe the fire. If the funnel above the 
face. is. left open in its full dimenſions, and the opening be- 
fore 


—— p 
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fore the ihe i is contracted; then the coals, I imagine, will 


burn faſter, becauſe more air is directed through the fire, 


and in a ſtronger ſtream ; that air which before paſſed 
over it, and on each fide of it, now paſſing thro” it. This 
is ſeen in narrow ſtove chimneys, when a ſacheverell or 
blower is uſed, which till more contracts the narrow o- 


pening.— But if the funnel only above the fire is contract- 


ed, then, as a leſs ſtream of air is paſſing up the chimney, 
leſs muſt paſs through the fire, and conſequently it ſhould 
ſeem that the confuming of the coals would rather be 
checked than augmented by ſuch contraction. And this 
will alſo be the caſe, when both the opening before the 


fire, and the funnel above the fire are contracted, provided 


the funnel above the fire is more contracted in proportion 
than the opening before the fire.——So you ſee I think you 
had the beſt of the argument ; and as you notwithſtanding 


gave it up in complaiſance to the company, I think you 


had alſo the beſt of the diſpute, There are few, though 
convinced, that know how to give up, even an error, they 


have been once engaged in maintaining; there is there- 


fore the more merit in dropping a conteſt where one thinks 
one's ſelf right; tis at leaſt reſpectful to thoſe we converſe 
with. And indeed all our knowledge is ſo imperfe&, and 
we are from a thouſand cauſes ſo perpetually ſubject to 


| miſtake and error, that poſitiveneſs can ſcarce ever become 
even the moſt knowing; and modeſty in advancing any 


opinion, however plain and true we may ſuppoſe it, is 
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always decent, and generally more _ to procure 
aſſent. _ Pope's Rule 
To ſpeak, though ſure, with ſeeming diffidence, 
is therefore a good one; and if I had ever ſeen in your 
converſation the leaſt deviation from it, I ſhould earneſtly 
recommend it to your obſervation, 

| J am, & -W. 


B. FRANKLIN. 


% 


LETTER: LV. 
To Mr. O. N. 


Dear 8 R, 
Cannot be of opinion with you that ' tis too late i in life 


for you to learn to ſwim. The river near the bottom 
of your garden affords you a moſt convenient place for the 


| purpoſe. And as your new employment requires your 
being often. on the water, of which you have ſuch a dread, 


I think you would do well to make the trial; nothing 


being ſo likely to remove thoſe apprehenſions as the con- 


ſiouſnels of an ability to ſwim to the ſhore, in caſe of an 
accident, 
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accident, or of ſupporting yourſelf in che water dll a boa 


could come to take you up. 
I do not know how far corks or uam d) te ſul 
in learning to ſwim, having never ſeen much trial of them. 


Poſſibly they may be af ſervice in ſupporting ithe body 


while you are learning what is called the ſtrolæe, or cthat 
manner of drawing in and ſtriking out the hands and feet 
that is neceflary to produce progreſſive motion. But you 
will be no ſwimmer till you can place ſome confidence in 
the power of the water to ſupport you; I would therefore 
adviſe the acquiring that confidence. in. the firſt place; eſpe- 
cially as I have known ſeveral who by a little of the prae- 
tice neceſſary for that purpoſe, have inſenfibly 0 the 


ſtroke, taught as it were by nature. 


The practice I mean is this. Chuſing a place eve the 
water deepens gradually, walk coolly into it till it is up to your 
breaſt, then turn round, your face to the ſhore, and throw an 
egg into the water between you and the ſhore. It will fink 
to the bottom, and be eaſily ſeen there, as your water is clear. 
It muſt lie in water ſo deepas that you cannot reach it to take 
it up but by diving for it. To encourage yourſelf in under- 
taking to do this, reflect that your progreſs will be. from deeper | 
toſhallower water, and thatat any time you may by bringing 


your legs under you and ſtanding on the bottom, raiſe your 
head far above the water. Then plunge under ãt with your 


eyes open, throwing yourſelf towards the egg, and endea- 
3 by the Hor” of your hands and feet againſt the 


Water 
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water to get forward till within reach of it. In this at- 
tempt you will find, that the water buoys you up againſt 

your inclination; that it is not ſo eaſy a thing to ſink as you 
imagined; that you cannot, but by active force, get down 
to the egg. Thus you feel the power of the water to 
ſupport you, and learn to confide in that power; while 
your endeavours to overcome it and to reach the egg, teach 
you the manner of acting on the water with your feet and 
hands, which action 1s afterwards uſed in ſwimming to ſup- 
port your head higher above water, or to go lord 

through it. | 
I would the more . preſs you to the ial of this 
method, becauſe, though I think I ſatisfyed you that your 
body is lighter than water, and that you might float in it a 
long time with your mouth free for breathing, if you 
would put yourſelf in a proper poſture, and would be till 
and forbear ſtruggling; yet till you have obtained this ex- 
perimental confidence in the water, J cannot depend on 
your having the neceſſary preſence of mind to recollect that 
poſture and the directions I gave you relating to it. The 
ſurprize may put all out of your miad. . For though we 
value ourſelves on being reaſonavle knowing creatures, rea- 
ſon and knowledge ſeem on ſuch occaſions to be of little 
uſe to us; and the brutes to whom we allow ſcarce a 
glimmering of either, appear to have the advantage of us. 
I will, however, take this opportunity of repeating thoſe 
particulars to you, which I mentioned in our laſt converſa- 
Ppp tion, 
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tion, as by peruſing them at your leiſure, you may poſſibly d 
imprint them ſo in your memory as on occaſion to be of 

ſome uſe to you. N 

1. That though the legs, arms and head, of a human 
body, being ſolid parts, are ſpecifically ſomething heavier 
than freſh water, yet the trunk, particularly the upper part 
from its hollowneſs, is ſo much lighter than water, as that 
the whole of the body taken together is too light to fink 
wholly under water, but ſome part will remain above, un- 
till the lungs become filled with water, which happens 
from drawing water into them inſtead of air, when a perſon 
in the fright attempts breathing while the mouth and noſ- 
trils are under water. 

2. That the legs and arms are ſpecifically lighter than 
falt-water, and wilt be ſupported by it, ſo that a human 
body would not fink in falt-water, though the lungs were 
filled as above, but from the greater . n of the 
head. 

3. That therefore a ſo throwing himfelf on his 
back in ſalt- water, and extending his arms, may eaſily lie 
ſo as to keep his mouth and noſtrils free for breathing; 
and by a ſmall motion of his hands may prevent en if 
he ſhould perceive any tendency to it. | 

4. That in freſh water, if a man throws himſelf on his 
back, near the ſurface, he cannot long continue in that ſitua- 
tion but by proper action of his hands on the water. If he 
uſes no ſuch action, the legs and lower part of the body 


will 
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will gradually ſink till he comes into an upright poſition, 


in which he will continue ſuſpended, the hollow of the 


breaſt keeping the head uppermoſt. 


5. But if in this erect poſition, the head is kept upright 


above the ſhoulders, as when we ſtand on the ground, the 
immerſion will, by the weight of that part of the head that 
is out of water, reach above the mouth and noſtrils, perhaps 
a little above the eyes, ſo that a man cannot long remain 
ſuſpended in water with his head in that poſition. 

6. The body continuing ſuſpended as before, and upright, 


if the head be leaned quite back, ſo that the face looks up- 


- wards, all the back part of the head being then under 
water, and its weight conſequently in a great meaſure ſup- 
ported by it, the face will remain above water quite free 
for breathing, will riſe an inch higher every inſpiration, and 
fink as much every expiration, but never ſo low as that the 
water may come. over the mouth. 

7. If therefore a perſon unacquainted with ſwimming, 
and falling accidentally into the water, could have preſence 
of mind ſufficient to avoid ftruggling and plunging, and to 


let the body take this natural poſition, he might continue long 


ſafe from drowning till perhaps help would come. For as 


to the cloathes, their additional weight while immerſed is 


very inconſiderable, the water ſupporting it; though when 
he comes out of the water, he would find them very heavy 


indeed, 
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But, as I ſaid before, I would not adviſe you or any one 
to depend on having this preſence of mind on ſuch an oc- 
caſion, but learn fairly to ſwim; as I with all men were 
taught to do in their youth; they would, on many occur- 
rences, be the ſafer for having that ſkill, and on many more 
the happier, as freer from painful apprehenſions of danger, 
to ſay nothing of the enjoyment in ſo delightful and whole- 
ſome an exerciſe. Soldiers particularly ſhould, methinks, 
all be taught to ſwim ; it might be of frequent uſe either in 
| ſurpriſing an enemy, or ſaving themſelves. And if I had now 
boys to educate, I ſhould prefer thoſe ſchools (other things 
| being equal) where an opportunity was afforded for ac- 
quiring ſo advantageous an art, "nn once learnt is never 


: 94485 
1 am, Sir, &c, 


B. F. 


L E T- 
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LETTER IV 


To Mile $54 „ at Wanſtead. 


My Dear Priend, ES Sept, 20, 1761. 


T is, as you obſerved in our late converſation, a very 
general opinion, that all rivers run into the ſea, or de- 
polite their waters there. Tis a kind of audacity to call 
ſuch general opinions in queſtion, and may ſubject one to 
| cenſure. But we muſt hazard ſomething in what we 
think the cauſe of truth : And if we propoſe our objecti- 
ons modeſtly, we ſhall, tho' miſtaken, deſerve a cenſure 
leſs ſevere, than when we are both miſtaken and inſolent. 
That ſome rivers run into the ſea is beyond a doubt : 
Such, for inſtance, are the Amazones, and I think the 
- Oroncko and the Mifſifpi, The proof is, that their waters 
are freſh quite to the ſea, and out to ſome diſtance from 
the land. Our queſtion is, whether the freſh waters of 
thoſe rivers whoſe beds are filled with ſalt water to a con- 
ſiderable diſtance up from the ſea (as the Thames, the De- 
laware, and the rivers that communicate with Cheſapeat- 
wich in Virginia) do ever arrive at the ſea? And as I ſuſpect 


they 
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they do not, I am now to acquaint you with my reaſons ; 
or, if they are not allowed to be reaſons, my conceptions 
at leaſt, of this matter. | 
The common ſupply of rivers is from ſprings, which 
draw their origin from rain that has ſoaked into the earth. 
The union of a number of ſprings forms a river. The 
waters as they run, expoſed to the ſun, air and wind, are 
continually evaporating. Hence in travelling one may often 
ſee where a river runs, by a long blueiſh miſt over it, tho 
we are at ſuch a diſtance as not to ſee the river itſelf. 
The quantity of this evaporation is greater or leſs, in pro- 
portion to the ſurface expoſed by the ſame quantity of wa- 
ter to thoſe cauſes of evaporation, While the river runs 
in a narrow confined channel in the upper hilly country, | 
only a ſmall ſurface is expoſed ; a greater as the river wi- 
dens. Now if a river ends in a lake, as ſome do, where- 
by its waters are ſpread ſo wide as that the evaporation is 
equal to the ſum of all its ſprings, that lake will never 
over-flow :—And' if inſtead of ending in a lake, it was 
drawn into greater length as a river, ſo as to expoſe a ſur- 
face equal in the whole to that lake, the evaporation | 
would be equal, and ſuch river would end as a canal; 
when the ignorant might ſuppoſe, as they actually do in 
ſuch caſes, that the river loſes itſelf by running under 
ground, whereas in truth it has run up into the air. 
Now, many rivers that are open to the ſea, widen much 


before they arrive at it, not merely by the additional waters 
they 
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they receive, but by having their courſe ſtopt by the op- 


poſing flood-tide ; by being turned back twice in twenty- 
four hours, and by. finding broader beds in the low flat 
countries to dilate themſelves in ; hence the evaporation 
of the freſh water is proportionably increaſed ; ſo that in 


ſome rivers it may equal the ſprings of ſupply. In ſuch 


caſes, the ſalt water comes up the river, and meets the 
freſh in that part where, if there were a wall or bank of 


earth acroſs from fide to fide, the river would form a lake, 


fuller indeed at ſome times than at others, according to the 
ſeaſons, but whoſe evaporation would, one time with ano- 


ther, be equal to its ſupply. 
When the communication between the two kinds of 


water is open, this ſuppoſed wall of ſeparation may be con- 
ceived as a moveable one, which 1s not only puſhed ſome | 


miles higher up the river by every flood tide from the ſea, 
and carried down again as far by every tide of ebb, but 
which has even this ſpace of vibration removed nearer to the 


ſea in wet ſeaſons, when the ſprings and brooks in the up- 
per country are augmented by the falling rains, ſo as to 


ſwell the river, and farther from the ſea in dry ſeaſons. 
Within a few miles above and below this moveable line 
of ſeparation, the different waters mix a little, partly by 


their motion to and fro, and partly from the greater ſpe- 


cific gravity of the ſalt water, which inclines it to run 
under the freſh, while the freſh water, being lighter, runs 
over the alt, 


Caft 
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Caſt your eye on the map of North- America, and 
obſerve the bay of Chefapeak in Virginia, mentioned a“ 
bove; you will ſee, communicating with it by their 


mouths,” the great rivers Saſſuchanab, Potor mach, Rappa- 
hanock, York, and James, beſides a number of ſmaller 


ſtreams, each as big. as the Thames. It has been pro- 
pofed by 'philofophical writers, that to compute how 
much water any river diſcharges into the ſea, in a given 
time, we ſhould meaſure its depth and ſwiftneſs at any 
part above the © tide ; as, for the Thames, at Ringſton or 
Windſor.” But can one imagine, that if all the water of 
thoſe vaſt rivers went to the ſea, it would not firſt have 
- Puſhed the falt water out of that narrow-mouthed bay, and 
filled it with freſh ?—The Saſguebanah alone would ſtem 
to be ſufficient for this, if it were not for the loſs by eva- 

| mage ol And yet that or. is falt 1 up to ae 


As to our other ſubject, the Jifferent degrees of heat im- 
bibed' from the ſun's rays by cloths of different colours, 
fince I cannot find the notes of my experiment to ſend 
you, I muſt give it as well as I can from memory. 
Blut firſt let me mention an experiment you may eafily 
make yourſelf Walk but a quarter of an hour in your 
garden when the ſun ſhines, with a part of your dreſs 
white, and a part black; then apply your hand to them 
alternately, and you will find a very great difference in 
their warmth. The black will be quite hot to the touch, 


the white Kill cool. 
Another. 
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Another. Try to fire paper with a burning glaſs. 
| If it is white, you will not eaſily burn it ; but if you 
bring the focus to a black ſpot, or upon letters, written or 
printed, the paper will Immediately be on fire under the 
letters. 

Thus fullers and PD find black cloths, of equal thick- 
neſs with white ones, and hung out equally wet, dry in 
the ſun much ſooner than the white, being more readily. 
heated by the ſun's rays. It is the ſame before a fire; the 
heat of which ſooner penetrates black ſtockings than white 
ones, and ſo is apt ſooner to burn a man's ſhins. Alſo 
beer much ſooner warms in a black mug ſet before the fire, 
than in a white one, or in a bright filver tankard. 

My experiment was this. I took a number of little 
ſquare pieces of broad cloth from a taylor's pattern card, 
of various colours. There were black, deep blue, lighter 
blue, green, purple, red, yellow, white, and other co- 
lours, or ſhades of colours. I laid them all out upon the 
| ſnow in a bright ſun-ſhiny morning. In a few hours (I 
cannot now be exact as to the time) the black being 
warm'd moſt by the ſun, was ſunk fo low as to be below 
the ſtroke of the ſun's rays; the dark blue almoſt as low, 
the lighter blue not quite ſo much as the dark, the other 
colours leſs as they were lighter ; and the quite white re- 
mained on the ſurface of the ſnow, not having entered it 


at all. 


Q q q | What 
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What ſignifies philoſophy that does not apply to ſome 
uſe? May we not learn from hence, that black clothes 
are not fo fit to wear in a hot ſunny climate or ſeaſon, as 
white ones; becauſe i in ſuch clothes the body is more heat- 
ed by the ſun when we walk abroad, and are at the ſame 
time heated by the exerciſe, which double heat is apt to 
bring on putrid dangerous fevers ? That ſoldiers and ſea- 
men who muſt march and labour in the ſun, ſhould in 
the Eaſt or Weſt-Indies have an uniform of white? That 
ſummer hats for men or women, ſhould be white, as re- 
pelling that heat which gives head-achs to many, and to 
ſome the fatal ſtroke that the French call the Coup de So- 
deil ? 2 That the ladies Summer hats, however, ſhould be 
lined with black, as not reverberating on their faces thoſe 
rays which are reflected upwards from the earth or water? 
That the putting a white cap of paper or linen within the 
crown of a black hat, as ſome do, will not keep out the 
heat, tho' it would if plac'd without. That fruit walls 
being blacked may receive ſo much heat from the ſun in the 
Fay" time, as to continue warm in ſome degree thro' the 
;night, and thereby preſerve the fruit from froſts, or for- 
ward its growth ?—with ſundry other particulars of leſs or 
greater importance, that will « occur from time to time to 


attentive TAN | — 


1 am, | 
. . Yours gau, | 
" . FRANKLIN, 
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Extract of a Letter to Lord K. at Binturgh, 
| Jn 25 1 n On # Nos: a 
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* * * In my paſſage to America T read your excellent 

work, the Elements of Criticiſm, in which 1 found 
great entertainment. I only wiſhed you had examined 
more fully the ſubje& of muſick, and demonſtrated that 
the pleaſure artiſts feel in hearing much of that compoſed 
in the modern taſte, is not the natural pleaſure ariſing from 
melody or harmony of ſounds, but of the fame kind with 
the pleaſure we feel on ſeeing the ſurprizing feats of tum- 
blers and rope-dancers, who execute difficult things. For 
my part I take this to be really the caſe, and ſuppoſe it the 
reaſon why thoſe who are unpracti ſed in muſick, and 

therefore unacquainted with thoſe difficulties, have little 
or no pleaſure in hearing this muſick. Many pieces of it 
are mere compoſitions of tricks. I have ſometimes at a 
concert, attended by a common audience, placed myſelf 
ſo as to ſee all their faces, and obſerved no ſigns of 
pleaſure 1 in them during the performance of a great part 


Q9q 2 that 
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that was admired by the performers themſelves; while 2 
plain old Scotch tune, which they diſdained, and could 
ſcarcely be prevailed on to play, gave manifeſt and general 
delight. Give me leave on this occaſion to extend a little 
the ſenſe of your poſition, That © Melody and Harmony 
are ſeparately agreable, and in union delightful,” and to 
give it as my opinion that the reaſon why the Scotch tunes 
have lived ſo long, and will probably live for ever (if they 
eſcape being ſtifled in modern affected ornament) is mere- 
ly this, that they are really compoſitions of melody and har- 
Mony united, or rather that their melody is harmony. I 
mean the ſimple tunes ſung by a ſingle voice. As this 
will appear parodoxical, I muſt explain my meaning. In 
common acceptation, indeed, only an agreable /uccefion 
of ſounds is called melody, and only the co-exiſtence. of a- 
greable ſounds, harmony. But fince the memory is capa- 
ble of retaining for ſome moments a perfect idea of the 
pitch of a paſt ſound, ſo as to compare with it the pitch of 
a ſucceeding ſound, and judge truly of their agreement or 
diſagreement, there may and does ariſe from thence a ſenſe 
of harmony between the preſent and paſt ſounds, equally 
pleaſing with that between two preſent ſounds. Now the 
conſtruction of the old Scotch tunes is this, that almoſt e- 
very ſucceeding, emphatical note, is a third, a fifth, an 
: octave, or in ſhort ſome note that is in concord with the 
preceding note. Thirds are chiefly uſed, which are very 
| n fan concords. - 1 uſe the word enplatica to diſtinguiſh 
| _ 
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thoſe notes which have a ſtreſs laid on them in fingiogithe 
tune, from the lighter connecting notes, that ſerve merely, 
like grammar articles in common f peech, to tack ahe-whola 
together. 189180 
That we have a moſt perfect idea of aloe jug pads 


I might appeal to all acquainted with muſick, Who know 


| how eaſy it is to repeat a ſound in the fame pitch with one 


Juſt heard. In tuning an inſtrument, a good ear can as 


eaſily determine that two ſtrings are in uniſon ꝓy ſounding 
them ſeparately, as by ſounding them together: their (dif 
agreement is alſo as eaſily, I believe I may ſayꝝ more eafily 
and better diſtinguiſhed when ſounded ſeparately; for when 
ſounded together, tho' you know by the beating that one 
is higher than the. other, you cannot tell which it is. I 
have aſcribed to memory the ability of comparing the pitch 
of a preſent tone with that of one paſt, But if there ſhould 
be, as poſſibly there may be, ſomething in the ear ſimilar 
to what we find in the eye, that ability would not be en- 
tirely owing to memory. Poſſibly the vibrations given to 
the auditory nerves by a particular ſound may actually 
continue ſome time after the cauſe of thoſe vibrations is paſt; 
and the agreement or diſagreement of a ſubſequent ſound 


become by compariſon with them more diſcernible. | For 


the impreſſion made on the viſual nerves by a luminous ob- 


ject will continue for twenty or thirty ſeconds.” Sitting in 


a2 room look earneſtly at the middle of a window a little 
while when the day is bright, and then ſhut your eyes; 
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the figure of the window will ſtill remain in the eye, and 
ſo diſtinct that you may count the panes. A remarkable 
oircumſtance attending this experiment, is, that the i- 
preſſion of forms is better retained than that of colours; 
for after the) eyes are ſhut, when you firft diſcern the 
image of the window, the panes appear dark, and the 
erofs bars of the ſaſhes, with the window frames and walls, 
appear white or bright; but if you {till add to the darkneſs 
im the eyes by covering them with your hand, the reverſe 
inſtantly tales place, the panes appear luminous and the 
dtoſß bars dark. And by removing the hand they are 
again reverſed: This I know not how to account for. 
Non for / the following ; that after looking long thro” green 
ſpectacles, the white paper of a book will on firſt taking 
them off appear to have a bluſh of red; and after long 
looking thro' red glaſſes, a greeniſh caſt ; this ſeems to 
intimate a relation between green and red not yet explain- 
ed. Farther, when we conſider by whom theſe ancient 
tunes were compoſed, and how they were firſt performed, 
we. dhall ſee that ſuch harmonical ſucceſſions of ſounds 
was natural and even neceſſary in their conſtruction. 
They were compoſed by the minſtrels of thoſe days 
to be played on the harp accompanied by the voice. 
The harp was ſtrung with wire, which gives a ſound 
of long continuance, and had no contrivance like that 
in the modern harpſichord, by which the ſound of 
the ans e be ſtopt, 0 moment a ſucceeding 
note 
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note began. To avoid actual diſcord, it was therefore 
neceſſary that the ſucceeding emphatic note ſhould be a 
chord with the preceding, as their ſounds muſt exiſt at the 
ſame time. Hence aroſe that beauty in thoſe tunes that 
has ſo long pleaſed, and will pleaſe for ever; tho' men 
ſcarce know why. That they were originally compoſed 
for the harp, and of the moſt ſimple kind, I mean a harp 

without any half notes but thoſe in che natural ſcale, and 
with no more than two octaves of ſtrings, from C to C, 
1 conjecture from another circumſtance, which is, that not 
one of thoſe tunes really ancient, has a ſingle artificial half 
note im it, and that in tunes where it was moſt convenient 
for the voice to uſe the middle notes of the harp, and place 
the key in F, there the B, which if uſed ſhould be a B 
flat, is always omitted, by paſſing over it" with a third. 
The connoiſſeurs in modern muſic will ſay, Thave no taſte, 
but I cannot help adding, that I believe our anceſtors, in 
hearing a good ſong, diſtinctly articulated, ſung to one of 
thoſe tunes, and accompanied by the harp, felt more real 
pleaſure than is communicated by the generality of modern 
| operas, excluſive of that ariſing. from the ſcenery and 
dancing. Moſt tunes of late compoſition, not having this 
natural harmony united with their melody, have recourſe - 
to the artificial harmony of a baſs, and other accompanying 
Jn” op This ſupport, in my opinion, the old tunes do not 
need, 
The celebrated Roaſſeau in his Dictionaire de Mufrque, printed 1768, * i 


pears to have ſimilar ſentiments of our modern Harmony, viz. 
«© M. Rameau 
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need, and are rather confuſed than aided by it. Who- 
ever has heard James Oſwald play them on his violoncello, 
will be leſs inclined to difpute this with me. I have more 
than once ſeen tears of pleaſure in the eyes of his auditors; 
and yet, I think, even his playing thoſe tunes would pleaſe 
more, if he gave them leſs modern ornament. ä 
; e 

; F. 


% M. Rameau pretend que les deſſus d'une certaine implicits ſuggerent 
naturellement leur baſſe, & qu'un homme ayant Poreille juſte & non exercee, 
entonnera naturellement cette baſſe. Ceſt-là un préjugé de muſiclen, de- 
menti par toute experience. Non ſeulement celui qui n aura jamais entendu 
ni baffe ni harmonie, ne trouvera, de lui-meme, ni cette harmonie ni cette baſſe; 
mais elles lui deplairont fi on les lui fait MY & il aimera beaucoup | 
mieux le fimple uniſſon. 

Quand on ſonge que, de tous les peuples de la terre, qui tous ont une muſi- 
que & un chant, les Europeens ſont les ſeuls qui aient une harmonie des ac 
cords, & qui trouvent ce mélange agreable ; quand on ſonge que le monde a 
durẽ tant de ſiècles, ſans que, de toutes les nations qui ont cultive les beaux 
arts, aucune ait connu cette harmonie; qu aucun animal, qu' aucun oiſeau, 
| quꝰ aucun etre dans la nature ne produit d' autre accord que Punifſon, ni d'au- 
tre muſique que 1a melodie ; que les langues orientales, fi ſonores, fi muſica- 
les; que les oreilles Grecques, fi delicates, fi ſenfibles, exercees avec tant 
d'art, n ont jamais guide ces peuples voluptueux & paſſionnẽs vers notre har- 
monie; que, ſans elle, leur muſique avoit des effets fi N 1 qu avec 
elle la nötre en a de fi foibles ; qu' enfin il ẽtoĩt reſerve à des peuples du 
Nord, dont les organes durs & groliſers ſont plus touchẽs de VEclat & du bruit 
des voix, que de la douteur des accens, & de la melodie des inflexions, de 
faire cette grande decouverte, & de la donner pour-principe a toutes les regles 
de Part; quand, dis. je, on fait attention I tout cela, il eſt bien difficile de 
ne pas ſoupconner que toute notre harmonic weſt qu'une invention gothique 
& barbare, dont nous ne nous fuſſions jamais aviſés, fi nous euſſions ẽtẽ plus 
ſenſibles aux veritables beautes de Part, & a la mufique vraĩment naturelle,” 
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To Mr. P. F. Newport, Mew England. | 


Dear Brother, 


* * like your ballad, and think it well adapted | 


for your purpoſe of diſcountenancing expenſive foppery, 


and encouraging induſtry and frugality. If you can get it 


generally ſung in your country, it may probably have a good 
deal of the effect you hope and expect from it. But as 
you aimed at making it general, I wonder you choſe fo 
uncommon a meaſure in poetry, that none of the. tunes in 
common uſe will ſuit it. Had you fitted it to an old one, 
well known, it muſt have ſpread much faſter than I doubt 
it will do from the beſt new tune we can get compos'd for 
it. I think too, that if you had given it to ſome country 
girl in the heart of the Maſſachuſets, who has never heard 
any other than pſalm tunes, or Chevy Chace, the Children in 


the Wood, the Spaniſh Lady, and ſuch old {imple ditties, 


but has naturally a good ear, ſhe might more probably have 


made a pleaſing popular tune for you, than any of our | 
maſters W and more proper for your purpoſe, which 


Rx r would 
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would beſt be anſwered, if every word could as it is ſung 
be underſtood by all that hear it, and if the emphaſis you 
intend for particular words could be given by the ſinger 
as well as by the reader ; much of the force and impreſ- 
ſion of the ſong depending on thoſe circumſtances. I will | 
however get it as well done for you as I can, 

Do not imagine that I mean to depreciate the {kill of | 
our compoſers of muſic here ; they are admirable at pleaſ- 
ing praciiſed ears, and know how to delight one another; 
but, in compoſing for ſongs, the reigning taſte ſeems to be 
quite out of nature, or rather the reverſe of nature, and yet 
like a totcept, hurries them all er W it; one or two 
perhaps only-excepted. | 

Tou, in the ſpirit of ſome ancient 1 would 
influence the manners of your country by the united 
powers of poetry and muſic. By what I can learn of heir 
fongs, the muſi ic was fimple, conformed itſelf to the uſual 
pronunciation of words, as to meaſure, cadence or empha- 
ſis, &c. never diſguiſed and confounded the language by 
making a long ſyllable ſhort, or a ſhort one long when 
ſung; their ſinging was only a more pleaſing, becauſe a 
melodious manner of ſpeaking ; it was capable of all the 
graces of proſe oratory, while it added the pleaſure of har- E 
mony. A modern ſong, on the contrary, neglects all the 
proprieties and beauties of common ſpeech, and in their 
place introduces its defects and abſurdities as ſo many gra- 
ces. Tam afraid you will hardly take my word for this, 


and 
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and therefore I muſt endeabour to ſupport it by proof. 
Here is the firſt ſong I lay my hand on. It happens to be 
a compoſition of one of our greateſt maſters, the ever fa- 
mous Handel. It is not one of his juvenile performances, 
before his taſte could be improved and formed: It appear- 
ed when his reputation was at the higheſt, is greatly admir- 
ed by all his admirers, and is really excellent in its kind. 
It is called, The additional FavourITE Song in Judas 
Maccabeus. Now I reckon among the defects and im- 
proprieties of common Ces ths following, viz. 


Fo Wrong lad the accent or r emphaſis, by laying it on 
words of no importance, or on wrong ſyllables. 


2. Dravwling; or extending the ſound of words or . | 
lables beyond their natural length. 5 
3- Stuttering; or making many ſyllables oth one. 
by bub ung., 3 the reſult of the three © foregoing 
united, 
. ak and 
6. Rat. without cauſe, 


17171 
5 4410 


1 


For the Sn placing of the accent, or emphaſis, ſee it a 
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And on the word from, and the wrong fyllable Ii. 


* 


gs God- /iks Wiſdom jun a — bove. 
F or the _— ſee the laſt wn of the word 3 


2 Gas NOD OSV LAN. - 8 i 


wn [ 


\ . dn d 8 2E — _— —— - 2 
55 — 8 | 
. Nor can, heal the wounded Heart 


Andi in the . wi}, and the word from: and Hllable 4 ; ed 


TY H ern EFF i 77s” 1 — n 
— — . 1 * 
| * e wee ee 


| God-like Wi dom from 5 bove : H 
pe or the 1 we" wm words nber beg; in 


| Ma gick Charms can meer re - lieve you 
Here are four ſyllables made of one, and eight of e 
but this is moderate. I have ſeen in another ſong that 1 


cannot nove find, ſeventeen ſyllables made of three, and ſix- 


teen of one; the latter 1 remember Was the word charms ; 

viz. Cha, a, a a, a, a, a, a, a, ©, a, a, a, a, @, arms. Stam- 

mering with a witneſs. | 
For the deal cüeut. 3 give this whole forg to any 


taught 


? 
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taught ſinger, and let her fing it to any company that 
have never heard it; you ſhall find they. will not under- 
ſtand three words in ten. It is therefore that at the orato- 
rio's and operas one ſees with books in their hands all thoſe 
who deſire to underftand what e hear _ by: even our: 
beſt performers, 

For the Tautology ; you have, with their vain myſterious 
art, twice repeated ; Magic charms can ub er relieve you, 
three times. Nor can heal the wounded heart, three times. 
Godlike wiſdom from above, twice ; and, this alone can ne er 
dleceive you, two or three times. But this is reaſonable 
when compared with the Monſter Poly pheme, the Monſter 
Polypheme, a hundred times over and over, i in his admired. 
Aeis and Galatea. ; 

As to the ſcreaming; perhaps 1 cannot Bag. a fair in- 
ſtance in this ſong; but whoever has frequented our ope- 
ras will remember many. And yet here methinks the 
words no and ”er, when ſung to theſe notes, have a little 
of the air of ſereaming, and would actually be ſcream'd h 
ome ſingers, 


R —Aq— At _ | 
TY LED 
* S & - — ; * 8 8 * 


=} : N 

Wo magie charms can «ger relieve you. | 

I ſend you incloſed the ſong with its muſic at length! 
Read the words without the repetitions. Obſerve how 
e | few. 
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few they are, and what a ſhower of notes attend them. 
You will then perhaps be inclined to think with me, that 
though the words might be the principal part of an anci- 
ent ſong, they are of ſmall importance in a modern one; 
they are in ſhort only 4 Peetence for finging. - 

Tam, as ever, 

. Pane tA Wer afelimate brother, 
| . 


P. S. I might have mentioned NR among 
the defects in common ſpeech that are aſſumed as beauties 
in modern ſinging. But as that ſeems more the fault of 
the finger than of the compoſer, T omitted it in what relat- 
ed merely to the compoſition. The fine ſinger in the pre- 
ſent mode, ſtifles all the hard conſonants, and poliſhes away 
all the rougher parts of words that ſerve to diſtinguiſh them 
one from another; ſo that you hear nothing but an admi- 

rable pipe, and underſtand no more of the ſong, than you 
would from its tune played on any other inſtrument. If 
ever it was the ambition of muſicians to make inſtruments 
that ſhould imitate the human voice, that ambition ſeems 
now reverſed, the voice aiming to be like an inſtrument. 
Thus wigs were firſt made to imitate a good natural head 
of hair ;—but when they became faſhionable, though in 
unnatural forms, we have ſeen natural hair dreſſed to look 


like wigs. 


of 
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eg 


LETTER LIX. 


of Lennie, and ko Method cs ved in 
America) of ſecuring Buildings and Perſons 
FD its Nee e. 2 * | 


XPERIMENTS a+ in electricity firſt gave phi- 
loſophers a ſuſpicion that the matter of lightning 
' was the ſame with the electric matter. Experiments after- 
wards made on lightning obtained from the clouds by 
pointed rods, received into bottles, and ſubjected to every 

trial, have fince proved this ſuſpicion to be perfectly well 
founded; and that whatever properties we find in electri- 
—_ are alſo the properties of lightning. 

'This matter of lightning, or of electricity, is an extream | 
| ſubtile fluid, penetrating other bodies, and N in 

them, equally diffuſed. 
When by any operation of art or nature, there "OW 
to be a greater proportion of this fluid in one body than in 
another, the body which has moſt, will communicate to 
that which has leaſt, till the proportion becomes equal; 
provided the diſtance between them be not too great; 
or, if it is too great, till there be proper conductor to con- 


| vey it from one to the other, 
If 


* 
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If the communication be ach the air without any 
conductor, a bright light is ſeen between the bodies, and a 
ſound is heard. In our ſmall experiments we call this light 
and ſound the electric ſpark and ſnap; but in the great 
operations of nature, the light is what we call /;ghrning, 
and the ſound (produced at the ſame time, tho' generally 
arriving later at our ears than the light does to our ur eyes) i is, 

with its echoes, called thunder. 

If the communication of this fluid is by a oli: it 
may be without either light or ſound, the ſubtle fluid paſ- 
Ang! in the ſubſtance of the conductor. 

If che conductor be good and of ſufficient bigneſs, the 
| fluid paſſes through it without hurting it. If otherwiſe, * 
is damaged or deſtroyed. 

All metals, and water, are good . bo- 
dies may become conductors by having ſome quantity of 
water in them, as wood, and other materials uſed in build- 
ing, but not having much water in them, they are not good 
conductors, an eee are often ee in the qpera- 
tion. 

Glaſs, wax; Alk, wool, baic, feathers, and even wood, 
perfealy dry are non-conduRors : that is, they reſiſt, in- 
ſtead of facilitating the paſſage of this ſuble fluid. 

When this fluid has an opportunity of paſſing through 
two conduQars, one good, and ſufficient, as of metal, the 
other not ſo good, it paſſes 1 in the beſt, and will follow i it - 


in 307; direction. | 
The 
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The diſtance at which a body charged with this fluid 
will diſcharge itſelf ſuddenly, ſtriking through the air into 
another body that is not charged, or not ſo highly charg'd, 
is different according to the quantity of the fluid, the di- 
menſions and form of the bodies themſelves, and the ſtate 
of the air between them. This diſtance, whatever it hap- 
pens to be between any two bodies, is called their Ariking 
diſtance, as till they come within that diſtance of each o- 
ther, no ſtroke will be made. 

The clouds have often more of this fluid in proportion 
than the earth; in which caſe as ſoon as they come near 
enough (that is, within the ſtriking diſtance) or meet with 
a conductor, the fluid quits them and ſtrikes into the earth. 
A cloud fully charged with this fluid, if fo high as to be be- 
yond the ſtriking diſtance from the earth , paſſes quietly with- 
out making noiſe or giving light; unleſs it meets with other 
clouds that have leſs. - | 

Tall trees, and lofty buildings, as the t towers and ſpires of 
churches, become ſometimes conductors between the clouds 
and the earth; but not being good ones, that is, not con- 
veying the fluid freely, they are often damaged. 

Buildings that have their roofs covered with lead, or other 
metal, and ſpouts of metal continued from the roof into the 
ground to carry off the water, are never hurt by lightning, 

as whenever it falls on ſuch a building, it paſſes i in the me- 
tals and not in the walls, 


SC | When 
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When other buildings happen to be within the ſtriking 
diſtance from ſach clouds, the fluid paſſes in the walls 
whether of wood, brick or ſtone, quitting the walls only 
when it can find better conductors near them, as metal rods, 
bolts, and hinges of windows or doors, gilding on wainſcot, | 
or frames of pictures; the ſilvering on the backs of look- 
ing-glaſſes; the wires for bells; and the bodies of animals, 
as containing watry fluids. And in paſling thro' the houſe 
it follows the direction of theſe conductors, taking as many 
in it's way as can aſſiſt it in its paſſage, whether in a trait 
or crooked line, leaping from one to the other, if not far 
diſtant from each other, only rending the wall in the 
ſpaces where theſe Partial good conduètors are too diſtant 
from each other. | 

An iron rod being placed on | the outſide of a building, : 
from the higheſt part continued down into the moiſt earth, 
in any direQion ſtrait or crooked, following the form of the 
roof or other parts of the building, will receive the light- 85 
ning at its upper end, attracting it ſo as to prevent its ſtrik- 
ing any other part; and, affording it a good conveyance 
into the earth, will prevent its 2 any part of the 
building. 

A ſmall quantity of metal is found able to conduct a 
great quantity of this fluid. A wire no bigger than a 
gooſe quill, has been known to conduct (with ſafety to 
the building as far as the wire was continued) a quantity 
of lightning that did prodigious damage both above and 

below 
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below it; and probably larger rods are not neceſſary, tho 
it is common in America, to make them of half an inch, 
ſome of three quarters, or an inch diameter. 

The rod may be faſtened to the wall, chimney, &c. 
with ſtaples of iron.—The lightning will not leave the 
rod (a good conductor) to pals into the wall (a bad con- 
ductor), through thoſe ſtaples.—It would rather, if any - 
were in the wall, paſs out of it into the. Fd to get more 
- readily by that conductor into the earth. LETS F 

If the building be very large and . two or more 
rods may be placed at different parts, for greater ſecurity. 

Small ragged parts of clouds ſuſpended in the air be- 
tween the great body of clouds and the earth (like leaf 
gold in electrical experiments), often ſerve as partial con- 
ductors for the lightning, which proceeds from one of 
them to another, and by their help comes within the ſtrik- 
ing diſtance to the earth or a building. It therefore ſtrikes 
through thoſe conductors a building that would otherwiſe 
be out of the ſtriking diſtance. | 8 

Long ſharp points communicating with the earth, and | 
preſented. to ſuch parts of clouds, drawing; filently from ö 
| them the fluid e, are charged with, 8 are then eee 


1141989942 


, 05 4 
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It is thachre that we ſu: i the upper, end of the rod 
ſix or eight feet above the higheſt part of the eee 
882 ns pering 
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pering it belly to a ſine ſharp _ Wie: is el to 
prevent its ruſting. 1 7. 18 
Thus the pointed rod either b a ſtroke * the 
cloud, or, if a ſtroke is made, conducts it to the earth with 
ſafety to the building. 
The lower end of the rod ſhould enter the earth ſo 
deep as to come at the moiſt part, perhaps two or three 
feet; and if bent when under the ſurface ſo as to go in a 
horizontal line ſix or eight feet from the wall, and then 
bent again downwards three or four feet, it will prevent 
_—— to any of the ſtones of the foundation. 
A perſon apprehenſive of danger from lightning, hap- 
-pening during the time of thunder to be in a houſe not fo 
ſecured, will do well to avoid ſitting near the chimney, 
near a looking glaſs, or any gilt pictures or wainſcot; the 
ſafeſt place is in the middle of the room, (ſo it be not under 
a metal luſtre ſuſpended by a chain) fitting in one chair 
and laying the feet up in another. It is ſtill fafer to bring 
two or three mattraſſes or beds into the middle of the 
room, and folding them up double, place the chair upon 
them; for they 1 not being ſo good conductors as the walls, 
: e lightning will not chuſe an interrupted courſe through 
| ro air of the room and the bedding, when it can go thro 
a continued better conductor the wall. But where it can 
be had, a bamock or ſwinging bed, ſuſpended by filk cords 
equally diſtant from the walls on every ſide, and from the 
Sioling and floor above and below, affords the fafeſt - 
ſituation 
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ſituation a perſon can have in any room whatever; ; and 
what indeed may be deemed quite free rom —__ of any 
ſtroke by lightning. 


Paris, Sept. 1767, . 70 ff 62 B. F. 
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Harra of a Letter from J. W. Bro: Prop fre 
„ Natural Philo 5 phy at Cambridge, in New. 
England. Jan. 6 1 1 798, : | 


4 4 * * 1 have read in the Philoſophical Tranſactions 
ce the account of the effects of lightning on St. Bride's 
ME: ſteeple. "Tis amazing to me, that after the full demon- 
e ſtration you had given, of the identity of lightning and of | 
a” electricity, and the power of metalline conductors, they ; 
te ſhould ever think of repairing that ſteeple without ſuch f 
* conductors. How aſtoniſhing 1 is the force of prejudice 
cc, even in an age of ſo much knowledge and * en- 


" 08 1 
* 
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AxswR to the above. | 
* * It is perhaps not ſo extraordinary that eto 
men, ſuch as commonly compoſe our church veſtries, 
ſhould not yet be acquainted with, and ſenſible of the be- 
nefits of metal conductors in averting the ſtroke of light- 
ning, and preſerving our houſes from its violent effects, or 
that they ſhould be ſtill prejudiced againſt the uſe of ſuch 
conductors, when we ſee how long even philoſophers, men 
of extenſive ſcience and great ingenuity, .can hold out. a- 
gainſt the evidence of new knowledge, that does not ſquare 
with their preconceptions; and how long men can retain 
a practice that is conformable to their prejudices; and ex- 
pect a benefit from ſuch practice, though conſtant experi- 
ence ſhows its inutility. A late piece of the Abbe Noller, 
printed laſt year in the memoirs of the F rench Academy 
of ſciences, affords ſtrong inſtances of this: For though! the 
very relations he gives of the effects of lightning in ſeveral 
churches and other buildings, ſhow clearly that it was con- 
ducted from one part to another by wires, gildings, and 
| other pieces of metal that were within, or connected with 
the building, yet in the ſame paper he objects to the pro- 
viding metalline conductors ai7hour the building, as uſeleſs 


| 0 q dan \gerous*, He cautions people not to ring the church 
3 | Dots 


Notre curioſitẽ pourroit peut: etre s'applaudir des "aches qu elle nous 
a fait faire ſur la nature du tonnerre, & ſur la mecaniſme de ſes principaux 


effets, mais ce neſt point ce qu'il y a de plus important; il vaudroit bien mieux 
= que 
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beth during a thunder-ſtorm, left the lightning, in its way 
to the earth, ſhould be conducted down to them by the 
bell ropes*, which are but bad conductors; and yet is a- 
gainſt fixing metal rods on the outſide of the ſteeple, which 
are known to be much better conductors, and which it 
would certainly chuſe to paſs in, rather than in dry hemp. 
And though for a thouſand years paſt bells have been ſo- 
lemnly conſecrated by the Romiſh church+, in expectation 

| | that 


que nous puiſſions trouver quelque moyen de nous en garantir: on y a peuſe; 
on s' eſt meme flattè d'avoir fait cette grande découverte; mais malheureuſe- 
ment douze annees d'epreuves & un peu de reflexion, nous apprennent qu'il 

ne faut pas compter ſur les promeſſes qu'on nous a faites. Je Tai git, il y a 
long temps, and avec regret, toutes ces pointes de fer qu'on dreſſe en Vair, ſoit 
comme #lero/copes, ſoit comme preſervatifs, ** ſont plus propre & nous attirer 
le feu du tonnerre qu à nous en preſerver z * & Je perſiſte à dire que le projet 
d'epuiſer une nuce orageule du feu dont elle eſt chargee, neſt pas celui d'un 
Phyſicien,—***. Memorre /ur les Effets du Tonnerre. 


* Les cloches, en vertu de leur bénédiction, doivent &Ecarter les orages & 
nous preſerver des coups de foudre; mais Vegliſe permet à la prudence humaine 
le choix des momens ol il convient d' uſer de ce preſervatif. Je ne ſais ſi le 
ſon, conſidere phyſiquement, eſt capable ou non de faire crever une nuce & de 
cauſer l'epanchement de ſon feu vers les objets terreſtres, mais il eſt certain & 
prouve par Vexperience, que la tonnerre peut tomber ſur un clocher, ſoĩt que 
Fon y ſonne ou que Ton n'y ſonne point; & fi cela arrive dans le premier cas, 
les ſonneurs ſont en grand danger, parcequ' ils tiennent des cordes par leſquelles 
la commotion de la foudre peut ſe communiquer juſqu'à eux: il eſt done plus 
ſage de laiſſer les cloches en repos quand Torage eſt arrive au- deſſus de 
Vegliſe. Ibid, 


+ Suivant le rituel de Paris, lorſqu'on benit des bees on recite les c orai- 
ſons ſuivantes : 


Benedic 
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that the ſound of ſuch bleſſed bells would drive away thofe 
ſtorms, and ſecure our buildings from the ſtroke of light- 
ning; and during ſo long a period, it has not been found 
by experience, that places within the reach of ſuch bleſſed 
ſound, are ſafer than others where it is never heard; but 
that on the contrary, the lightning ſeems to ſtrike ſteeples 
of choice, and that at the very time the bells are ringing; 
yet ſtill they continue to bleſs the new bells, and jangle 
the old ones whenever it thunders.— One would think it 
was now time to try ſome other trick; — and ours is re- 
commended (whatever this able philoſopher may have 
been told to the contrary) by more than twelve years ex- 
perience, wherein, among the great number of houſes fur- 
niſhed with iron rods in North America, not one ſo 
guarded has been materially hurt with lightning, and ſeve- 


Benedic, Domine . . . . quotieſcumgue ſonuerit, procul recedat virtus infidiantium, 
umbra phantaſmatis, incur/io turbinum, percuſſio fulminum, læſio tenitruum, calamitas 
tempeflatum, omniſque ſpiritus procellarum, &c. 

Deus, qui per beatum Moiſen, c. . . . procul pellentur inſidie inimici, fragor 
grandinum, procella turbinum, impetus tempeſtatum, temperentur infeſta tonitrua, &c. 
Omni potens ſempiterne Deus, &. . . ut ante ſonitum ejus effugentur ignite. 
Jacula inimici, percuſſio fulminum, impetus lapidum, læſio tempeſtatum, fc. | 

+ En 1718. M. Deſlandes fit ſavoir a l Academie Royale des ſciences, que 
la nuit du 14 ou 15 d' Avril de la meme annce, le tonnerre ẽtoit tombe ſur 
_ vingtquatre égliſes, depuis Landernau juſqu à Saint. Pol- de. Lẽon en Bretagne; 
que ces ẽgliſes etoient preciſement celles od on ſonnoit, & que la foudre avoit 
Epargne celles ou Lon ne ſonnoit pas: que dans celle de Gouiſnon, qui fut 
entièrement cuinee, Je tonnerre tua deux perſonnes de quatre * ſonnoient, &c. 
Hit. de l' Ac. R. des Sci. 1719. | 

ral 
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cal. have been evidently preſerved by their means; while 
a number of houſes, churches, barns, ſhips, &c. i in diffe- 
vent: places, unprovided with rods, have been ſtruck and 


greatly damaged, demoliſhed or burat, Probably the 


veſtries of our Engliſh churches are not generally well ac- 
quainted with theſe facts; otherwiſe, ſince as good pro- 
teſtants they have no faith in the bleſſing of bells, they 


would be leſs excuſable in not providing this other ſecurity 


for their reſpective churches, and for the good people that 
may happen to be aſſembled in them during a tempeſt, 
eſpecially as thoſe buildings, from their greater height, are 


1 more expoſed to the ſtroke of lightning than our common 


dwellings. | 
I have nothing new in the philoſophical, way to com- 


municate to you, except what follows. When I Was laſt 


year in Germany, I met with a fingular kind of glaſs, be- 


ing a tube about eight inches long; half an inch in diame- 
ter, with a hollow ball of near an inch diameter at one 


end, and one of an inch and half at the other, hermatia 


cally ſealed, and half filled with Water. —If one end 4 
held in hand, and the other a little elevated above hes 4 


level, a conſtant ſucceſſion of large bubbles proceeds feotry: 
the end-in the hand. to the other end, making an appear 


ance that puzzled me much, till 1 found that the ſpace 


not filled with water was allo free from air, . and either, 
filled with a ſubtile inviſible vapour continually cilinz from 
the water, and extreamly rarifiable by the 3 heat at 
0: 4 > One 


* 
* A 24 
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one end,, and condenſable again by the leaſt coolneſs at the 
other; or. i i the y yery | fluid of fire itſelf, Which parting 
from the hand, pervades the glaſs, and by its expanſive 
force depreſſes. the water till it can paſs between it and, the 
glass, and eſcape to the other end, where it gets thro; the 
| glals again into the air. I am rather inclined to the firſt 
2 en but doubtſul between the two. An ingenious 
artiſt here Mr. Nairne, mathematical inſtrument- maker, 


has ma de a, dumber of them from mine, and improved 
| mm fof his, are 1 much more ſenſible than thoſe I brought 
4 Germany.” l bor'd a very ſmall hole through the 
oo ſeat of my window, through which a little 
cold Air, conſtantly entered, while the air in the room Was 
pt warmer by fires daily made in it, being winter time. 

| plac'd one of his glaſſes, with the elevated end againſt 
| this hole; and the bubbles from the other end, which was 
| 0 2 warmer ; ſituation, were continually paſting day and 
night, t to the no ſmall ſurprize of even philoſophical ſpec- 
tator Fach bubble diſcharged, is larger than that from 
W ieh! it proceeds, and yet that is not diminiſhed; and by 
adding itſelf to to. the bubble at the other end, that bubble i is 
| hot increaſed, which ſeems very paradoxical.— When the 
i balls at each end are made large, and tlie connecting tube 
very f all and bent at right angles, ſo that the balls, in- 
5 being a at the ends, are brought on the ſide of the 
ub ad che tube. is held ſo as that the balls are above it, 


0 N r will t ; depreſſed ! in that which ! is held i in the 
8 Ei 275 (Ol W911 St 1 
wy « F 
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wh And riſe in the other as 4 jer' or fo Btaickz⸗ ben! it is 
All ict the other, it begins to boil; as it wee, by ile vapour 
paſting \ up through it; and the inſtant” it bebinl to boi, a 


fudden coldneſs is felt in the ball held; a HS: ell. 


ment, this, fuſt obſerved and ſhewn me by Mr. Nair. 
There is ſomething in it ſimilar to the old' obſervation, 1 
think mentioned by Ariſtotlo, that the bottom f a boiling 
pot is not warm; and perhaps it may help td: explain Joon 
fact; — if indeed it be a fact. — When the'Witer tand at 
am equal height in both theſe balls, and all at feftj if You 


wet one of the balls by means of a feather dipt in W ht | 


though that ſpirit is of the ſame temperämeßt ds te heat 
and cold, with the water in the glaſſes, yet the cold occa⸗ 

ſioned by the evaporation: of the fpirit from the wetted ba 

will 6 condenſe the vapour over the water contains q 


. that ball, as that the water of the other ball will be Fete | 


| up into it, followed by a ſucceſſion of bubbles, till the fpi- 
rit is all dried away. Perhaps the obſervations on mall 


little inſtruments may ſug ggeſt and be applied to ome be — 
ficial uſes. It has been thought that water reduced to. Va- 


pour by heat, was rarified only fourteen thouſand times 


and on. this principle our engines for raiſing water by tre 
are ſaid to be conſtructed: But if the vapour ſo alen 
rarified from water, is capable of being itſelf fill farther 


rarified to a boundleſs degree by the application of beat 


to the veſſels or parts of veſſels containing the! va pour ur (8 
4 W. haps , 


at firſt it is applied to. thoſe. containing the ONE 
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a much greater power may be obtained, with little addi- 
tional expence. Poſſibly too, the power of eaſily moving 
water from one end to the other of a moveable beam (ſuſ- 
pended in the middle like a ſcale beam) by a ſmall degree 
of heat, may be applied advantageouſſy to ſome other me- 
chanical purpoſes. * | SR 
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54 - oh To Sir 18 129 Bart. 
3 R. 3 £7 a. "On May 10, 1768. 


OU may remember that when we were travelling 
1 together in Holland, you remarked that the track- 
{chuyt in one of the ſtages went flower than uſual, and 
enquired of the boatman, what might be the reaſon; who 
anſwered, that it had been a dry ſeaſon, and the water in 
the canal was low. On being again aſked if it was fo low 
as that the boat touch'd the muddy bottom; he ſaid, no, not 
ſo low as that, but ſo low as to make it harder for the 
| horſe to draw the boat. We neither of us at firſt could 
conceive: that if there was water . for the boat to 

A | ſwim 


on Philoſophical Subject. 3 


ſwim clear of the bottom, its being deeper would make any 
difference; but as the man affirmed it ſeriouſly as a thing 


well known among them; and as the punctuality required 
in their ſtages, was likely to make ſuch difference, if any 
there were, more readily obſerved by them, than by other 
watermen who did not paſs fo regularly and conſtantly, 
backwards and forwards in the ſame track; -I began to ap- 
prehend there might be ſomething in it, and attempted to 
account for it from this conſideration, that the boat in pro- 
ceeding along the canal, muſt in every boat's length of her 
courſe, move out of -her way a body of water, equal in 
bulk to the room her bottom took up in the water; that 
the water ſo moved, muſt paſs on each fide of her and un- 
der her bottom to get behind her; that if the paſſage under 
her bottom was ſtraitened by the ſhallows, more of that 
water muſt paſs by her ſides, and with a ſwifter motion, 


which would retard her, as moving the contrary way; or 


that the water becoming lower behind the boat than be- 
fore, ſhe was preſſed back by the weight of its difference 
in height, and her motion retarded by having- that weight 
conſtantly to overcome. But as it is often loſt time to at- 
tempt accounting for uncertain facts, I determined to make 
an experiment of this when I ſhould have convenient time 


and opportunity. | 
After our return to England, as often as I bonne to is 


om the Thames, I enquired of our watermen whether they 


were ſenſible of any difference i in rowing over ſhallow, or 
deep 
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| waters! found them alli agreeing in the fact, that⸗ therds 
was a very great difference, but they differed wide ly im ex 
| preſſing the quantity of the difference; ſome. ſuppoſing i it 

Was equal to ul mile in fix; others to a mile in mea &c. 
As I did not recollect to have met with any mention of 
this matter in our philoſophical books, and conceiving that 
if the difference ſhould really be great, it might be an ob. 
ject of confideration in the many projects now on foot for 
digging new navigableicanals in this iſland, I lately put my 
deſign of making the enn in mann, in 12 fol- 
lawingimanner. 1 

I, provided a trough of inet 3 We 1 hong, 

ſix inches wide and ſix inches deep, in the clear, filled — 
water within half an inch of the edge, to repreſent a canal. 
I had a looſe board of nearly the ſame length and breadth, 
| that being put into the water might be ſunk to any depth, 
and fixed by little wedges where I would chuſe to have it 
| ſtay, in order to make different depths of water, leaving the. 
ſurface at the ſame height with regard to the ſides of the 
trough. I had a little boat in form of a lighter or boat of 
burthen, ſix inches long, two inches and a quarter. wide, 
and one inch and a quarter deep. When ſwimming, it. 
drew one/inch water. To give motion to the boat, I fixed 
one rend of a long filk thread to its bow, juſt even with the 
Water s edge, the other end paſſed over a well · made braſs. 
pullys of about an inch diameter, turning freely on a ſmall 
Os ni Then placing the boat 
rigs - | at 
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at ons end of the trough, the i ee er 
the water to the otlerr. ib 16919 T5 


Nat having a watch that ſhown 3 in order to n mea- 


ſure. the time taken up by the boat in paſſing from end to 
end, I counted as faſt as I could count to ten repeatedly,, 
keeping an account of the number of tens on my fingers. 
And as much as poſſible to correct any little inequalities in 
my counting, I repeated the experiment a number of times 


at each depth of water, that I might take the medium. | 


And the following are the reſults. ng 


Water 1+ inches deep. 2 inches. 4 inches: 


Iſt exp. loo 94 — 79 
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11 made many other experiments, but the above are thoſs 


in which I was moſt exact; and they ſerve ſufficiently to 
| ſhow that the difference is conſiderable. Between the 


deepeſt and ſhalloweſt it appears to be ſomewhat more 


than 
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than one fifth. 80 that ſuppoſing large canals and boats 


and depths-of water to bear the ſame proportions, and that 


four, men or horſes would draw a boat in deep water four 
league in four Welle, it would require five to draw th ſame 
boat in the ſame time as far in ſhallow water; or four 
would require” five hours. 4 

Whether this difference 18 of e enough to 
juſtihy a gneater exnence in deepening canals, is a matter of 
 calgulation b bich o our: ingenious engineers in that WAY. will 
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advantages of them, 304, 
& ſeq. 


objections. to them an- 
ſwered, 308. 
— directions to put them up, 
13. 

Fires, great and bright, damage 

the eyes and ſkin, 290. 
Flaſb, how made tender by 

3 and by electricity, 

416. 


415, 4 
Fluids, agitated, do 920 produce 


heat, 449. 
ene flaſk, hos; filled with 


boiling water, permitted elec- 


tricity to paſs thro? it, 383. 

#ogs, and miſts, how ſupported 

An sir, 18 

Frau their importation not 
neceſſary to inna a People, 
204. 


Fountain eleftrified, its fipeam 


en, in form of a bruſn, 


1 00 F 1. 


| 8 the effects of its milita 


ry manners, 336, 337. 
Freezing a man to death in a 


Summer's day, Poſſibility of 


it, 364. 
 Frugality and Induftry, ſurpriz- 
ing effects of it, 334. 


| ——— the-whole power 


Fruit Walls, blacking them, ef- 
fects to be cxpedted: from it, 
466. 

Fufion cold, of metals, what, | 
„ 

—— The notion of it proves a 
miſtake, 392. | 

The error of it acknow- 
NO VVV 


Gilding on a book, conducts 
well at firſt 36, why not 92 
well afterwards, 69. 

—— The effects of lightning 0 on 
it, 67. 

Glaſs bo always the ſame: an 
_ tity of the electric fluid; 26. 
of giving 

a ſhock is-in it, 11. d. & 

—— panes of it, by whom firſt 
uſed in electric experiments, | 
29- 

— great force i in ſmall peed 
ons of it, 33, . 

is impermeable to the.e- 
lectric fluid, 52, & fore; in 
what ſenſe, 161. 

—— ſtrongiy attracts the eier. 

tric fluid, 75: 3 7 


— Cannot Dn be ele ; rif 
aus, bid. ied * 
ies opp bis ebe 


ected, 257 7 | 
—i its een Pete ck 

. treamly fine, 76. 
—it pores exceeding all, ib. 
Glaſs, 
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Glaſs, the manner of its opera- 
tion in producing electricity, 
explain'd, 76, & /eq.. 

—— its elaſticity, to what poſ- 
ſibly owing, 78. 

— thick, reſiſts the change 

in the electricity of 1 its diffe- 
rent fades, $2. 


— rod of it, will not conduet | 


a ſhock, ibid. 
—— rubbed, is politively elec- 
trified, ſulphur negatively, 
reaſons for thinking ſo, 104, 
10g. 


— Leg of i it, ſome will not | 
uce electricity, 3 19, what 


ibid. 
— u error relating to its 
pores, acknowledg'd, 327. 


Gloſs, a curious one deſcrib d, 


489. & /eq, 


3 a new — inſtru 


ment compos'd of them, de- 
ſcribed, 428, & ſeq. 
Gold Leaf, its * 
Goverament, free, can only be 


"a bycorrupt manners, | 


: Ns ies ſuperiority over Perſia, 
_ «+ Whence, 335. 
Green. and red, a relation be- 
tween thoſe colours, 470. 
s dry, how to be fir- 
ed by electricity, 92. 
Pn! wy magazines of, how 


0 ſecure chemfromlightning : 


nſion ex- 


441, & ſeq. New propoſal 
tor ap gunpowder dry, 
442. 


H 


Habits, and manners, their ef- 


ficacy in increaſing mankind, 
331, 332. 


Harmony, and melod y. what, f 


- 469. 

Prog ancient. Scotch tunes 

. compoſed to be ſung with 
that inſtrument, 470. The 
effect it had on their compo- 
ſition, ibid. 

Hats, ladies ſummer, of what 

. colour beſt, 466. 

Heat, the pain it occaſions, how 
- Produced, 345. 

in an animal, how produ- 

ced, 346, 347. 5 
— in fermentation, its de- 

E Peg, 347 | 

great, at Philadelphia, 
June 1750, its circumſtan- 
ee . =. RR 

— uced in es 
electricity, and by — | 
392, 411, 413, 419. 

Hal ſtruck through paſteboard, 
eres of the bur round i KN | 


Horſe-Ract, electrical, 388. 
Hudſon - River, winds there, 
255, 259, 278. 


Hunters, 


X 2 2 
. N 


Hunters, require much land to 
" fubliſt on, 199 
Hurricanes, how produced, 188. 


I 


Ice, not a good conductor of an 
electric ſhock, 36. 


Tgnorance, a frank acknowledg- 


ment of it recommended, 
326. | 
Images, of luminous objects re- 


main ſome time in the eye, 


469, & /q. 


Tnarticulation, | in modern ſing- 
ing, cenſur'd, 478. 


Increaſe, of mankind. obſerva- 


4 


tions on it, 197. What pre- 
vents it, 200, 201. What 
promotes it, 202, 203, 204. 


gh obſervations on it, 


FS 7 al and frugality, their ef. 


fects, 334» 338. 
Tnoculation, its ſucceſs in Phila- 


delphia, 195. 


Inſects, uſeſulneſs of the know- | 


ledge of them, 446, 447- 


Invention, the faculty Ws its in- 


& /eq. 


conveniencies, 326, 


Iron hot, gives no offenſive 


| ſmell, 309. 


- pours, 310. 


* 

Kinnerfley, Mr. ſome new expe- 
riments propoſed by him, 99, 
& ſeq. and verified, 103. 


XXX 


yields no unwholeſome va- : 
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Kinnerſiey, Mr. his experiments 
on the clouds, 128, 129. 
Letter from him, 384. 
Kite, electrical, deſcribed, with 
the manner of uſing it, 111, 
112. | | 
Knobs, not ſo proper as Points, 
— conductors of lightning, 
416. 


Labour, why dear in America, 


199. 
Leiden Bottle, its phenomena. 

d, 12, & ſeq | 
 analys'd, 26 _ 
additional experiment in 
Proof of the former explana: 
tion, 86. 
ſealed hermetically, retains 
long: its electricity, 400, 401. 
—— why the hand that holds 
it, does not reſtore the elec- 

tric fluid that has been driven 

out of it, 461. 


| Light, difficulties in the doctrine 


of it, 264. 
ueries concerning it, ibid, 

The viſibility of its infinitely 
ſmall parts computed, 275. 
Lightning repreſented, 10. 
rawn firſt from the clouds 
"at Marly, 106, 107. Afﬀter- 
wards by Mr. Canton, 109. 

obtain'd from the clouds 
by the kite, LDF. C9 
—— by an iron rod, 112. 
objections to its bens col- 


lected from the ſea, 170. 
Lightning, 


1 E X. 


er effects of it on a wire 
at N. York, 180, 181. 


—— reaſons for firſt propoſing 


the experiment on it, 322, 

323. | 

how it ſhivers trees, 415 

—— ſtrikes Mr. Weſt's pointed 
rod, 394, the rod deſcrib'd, 
395. Effects of the light 
ning upon it, 396. 

accounts of its effects on 


conductors in 5 416, 


& ſeq. 
— remarks on thoſe accounts, 


420, & /eq. 


— does not afollly enter 


houſes through open doors or 
windows, 423. Should be 
diſtinguiſhed from its light, 
424. An exploſion or clap 
- of thunder always accompa- 
nies ir, tho* not always heard, 
ibid. Obſervations of its 
- ſtriking St. Bride's, 440. 
—— a paper on it written (by 
requeſt) at Paris, 479. Dan- 
ger from it, how beſt avoid- 
ed, . U 
eg inſtance of oulilic 
benefit ariſing from his know- 
ledge of inſects, 447. | 
Luminous appearance of ſea- 


water conſidered, 273, & ſeg. 


objects, make impreſſions 


of ſome duration i in the eye, 


469. 
Luxury, extinguiſtes families, 


333. 


Manners, 


not to be extirpated by 
Laws, 339. 


M 


Magazine of Gunpowder, how 
to ſecure it from lightning, 
441, &. ſeg. 

Magic Sguares, account of ſome, 


350. 
Magic Circle, account of one, 


354 

Magical Picture deſcrib'd, 
30. 

Magnetic Bars, experiment ſhew- 
ing their mutual repulſion, 
406. 

Magnetiſm, communicated to 
needles, by the electric ſtroke, | 
9o, 91, 178. | 

their effect on the 
welfare of ſtates, 332, G /eq. 

Marty, the experiment of draw- 
ing lightning from the clouds, 
firſt ſucceeds there, 107. 

Marriages, what increaſes the 
number of, 197. 

why delay'd i in 'old coun- 

tries, 11d. | 

—— why early and more gene- 

ral in America, 198, 199. 

Maryland, account of a whirl- 

wind there, 356. | 

Meal, Grain, &c. manner of 
preſerving them good for 


ages, 443. 
Medicated electricity, impracti- 


_— 82, 83. Med 
oc, 


? 


29z 
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Melody and Harmony, what, 
| _ 498: 


tune, ibid. 
Men, ſix, ſtruck down by an 

electric ſhock, 324, 325. 
Metals, melted by electricity 
and lightning, 67, & /e. 176, 
180, 181, 418, 419, 421. 
Glaſs ſtained by melted 
metals, 68. 


6 

- poliſhed, are 3 by 
electrical ſparks, 98 
why they feel colder than 
wood, 260, 345. 
not melted by cold fuſion, 


3 
Mela line Rods, recommended 


for ſecuring buildings from 


lightning, 124, 125, 126, 

482. | 

they either prevent, or con- 
duct, a ſtroke, 162. 

Meteorological Obſervations, 18 2, 
& ſeq. 

Mitchell, Mr. obſervation on a 
paper of his, 362. 


Mines, a method of changing | 


air in them, 373. 

Motion, of the electric ſtroke, 
its ſwiftneſs explain'd, 282, 
28 

Mountains, their uſe in produ- 
cing rain and rivers, 44, 45. 

how they became ſo high 


above the level of the ſea, 


380. 


how united in a ſimple 


Force of their exploſion, 
Needles, and ou melted by. 


Muſic, modern, character of it, 
467. 

—— what the kind of pleaſure 
it gives, ibid. 

Muſical Inſtrument, a new one 
compos'dof 5 deſcrib'd, 


428, & ſeg. 
N 


Needles, rendered magnetical by 
the electric ſtroke, 90, 91. 


electricity, 91. 
Needle of a rom its polarity 
reverſed by lightning, 90, 


oy 


79. 
Needle of wood, with points, 


turns on a center, the ſame 
way, whether electris'd poſi- 
tively or negatively, 385. 
Solution of it, propos'd, 4% 
407+ 
Negatively, ele&ris*d bodies re- 
pel each other, 156. 


Negroes, why they bear heat 


better than whites, 367. 
Newbury, in New-England, ef- 
fects of a ſtroke of lightning 
there, 162, & ſeg. 
New-York, effects of lightning 
on a wire in the church amen 
180, 181. 
Mollet, Abbe, remarks on his 
n by Mr. Colden, 130. 


Non-conduftors of the electric 


fluid, what ſubſtances are, 
480. 


X Nerth- 
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them, 414, 415. Farther uſe 


417, 422. 
Points, their wonderful effects, 


35 45 5 


North-Eaſt ſtorms in America, 
begin in the South-weſt, and 
the cauſe, 381, & /egq. 


O 


Obſervations, meteorological, 
182. 
Oil, the effect. of heat upon it, 
185. 
evaporates only in dry air, 
ibid. 5 5 
renders air unfit to take 
up water, ibid. 
Oil and Water, a curious expe- 
riment made with them at ſea, 
e OE 


9 


Packthread, tho' wet, not a good 
conductor of a ſhock, 

Paralytic caſes, effect of elec- 
tricity in them, 359. 

Party of Pleaſure, electrical, 37. 

Perſons falling by the electric 
ſtroke, the manner of, 3245. 


| Perſpirable Matter, pernicious if 


retained in the body, 252. 
Pitture magical, deſcribed, 29, 


0. 
Plus and Minus, electricity in 
the Leiden bottle, 14. 
in other bodies, 19. 
Point, ſharp, a curious experi- 
ment to ſhew its effect on the 
clouds, 126, 127. 
Pointed Rods, their uſe in "ILY 
ring buildingsfrom lightning, 
126, 416, Improvements on 


explain'd, 61. & ſe. 
Poke-weea, uſed in the cure of 
Cancers, 267. 

Polarity, given to 3 by 
the electric ſtroke, go, 91. 
Population, the progreſs of it, 
why ſwifter in America. 198. 


 Pofitive and Negative electricity, 


ſome of their effects are ſimi- 
an, , 

Poſitiveneſs, the impropriety of 
it, 462. 

Powder magazines, the way of 
ſecuringthem from lightning, 


441, & ſeq. 
1 


Rain, how produced, 43. ä 
why never ſalt, 230, 231. 
Red and Green, the colours, a 

certain relation between them, 


470. 5 
Repellency, electrical, how de- 
ſtroyed, 


Repulſi on, electrical, the doc- 


trine of it doubted, 386, 

further conſiderations in ſup- 

port of it, 404, 405, 406. 
Rivers, their running all into 


the ſea doubted, and the rea- 


ſons, 469, & "ſeq. Their 
Evaporation before they reach 
it, how encreas'd, 470, 471. 
Rod, Iron, erected, for experi- 
«.- ments 


1 N 1 


ments on the clad 112. 
its uſe as a conductor of 
lightning, 482. 


Rome, effect of its manners con- 


ſidered, 335. 
Ryoms, warm, their advantages, 
2861, & ſeq. Do not give 
People colds, 3 10, & ſeq. 
Rouſſeau, his opinion of tunes 
in parts, 472. : 


S 


Salt, Becks: form'd originally 


From the ſea, and in what 

manner, 379, 380. 

 Salt-Water, how to quench 
thirſt with it, 459: 

Scotch Tunes, the pleaſure they 
give explain'd, 468. 

Sea, the ſource of lightning, 
objections to that opinion, 

| 170. Reaſons on which it 
Was founded, 174, 175. 

— its luminous appearance 

accounted for, 273, & ſeg 

not falt from the diſſolu- 

tion of rock-falt, but freſher 

now than it was originally, 


mountains. ibid. 

Sea-Water, ſoon loſes its lu— 
minous quality, 111, 176. 
Slaves, not profitable labourers, 

200. 
diminiſh and vitiate the 
free people, 202. 


has formerly covered the 


Small-Pox, loſs by it in Boſton, 
. 

Smell of Electricity, produc'd by 
its action on ſomething in the 
air, 84. 

$n0w, blown about by the wind, 
gave electricity, tho' the air 

otherwiſe clear, 434. 

Songs ancient, gave more plea- 
ture than modern ones, why, 
471, 474. Modern, com- 
pos'd ke all the defects and 
abſurdities of common ſpeech, 

ibid. Inſtances of it, 475, 
& ſeq. | 

Sound, obſervations on it, 43 5, 
under. water ſtrong at a di- 
ſtance, ibid. Queries con- 
cerning it, 436, 437. A ſubtle 


fluid ſuſpected as the conduc- 


tor of it, ibid. 


Sounds, juſt paſt, we have a per- 


fect idea of their pitch, 468, 
469. 
Spain, ET has isse its peo- 
ple, 205. 
Specifical Weight, wh 286. 
Sphereselefric,commodious ones, 
"WK 
Spider, counterfeit, deſcribed, 10. 
Spirit, inflammable, linen cloths 


wet with it, and applied to 


painful imflammations of the 


body, give great coolneſs and 


eaſe, 368. 
Spirits, fired without heating 
them, 51. 


Spots, TL 
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Spots, in the Sun, how formed, 

6 | 

Stars, ſhooting, what, 236. 

St. Bride's Church, obſervation 
of the ſtroke of lightning on 
it, 440, 441. 

Stuttering, one, of the affected 

| beauties of modern ſongs, 
475, & ſeq. 

Sun, why not waſted by expence 

of light, 266. | 


Surface, whether increaſe of it 
can account for the riſe of 


vapours, 248, 251, 259. 


Surfaces, the oppolite ones of 


glaſs, their different ſtate 
when electris'd, 25, 75. 


_ Sulphur Globe, its electricity dit- 
ferent and oppoſite ro that f 


the glaſs globe, 103. 

Sweat, the neceſſity of keeping 
it up, in thoſe that labour in 
the ſun in hot climates, 366. 
The manner of doing it, ibid. 

Swiftneſs of electric motion ex- 
plain'd, 282, 283. | 

Swimming, how to be learnt, 
463, & eg. How a perſon 
unacquainted with it may a- 


void finking, 466, 467. A 


_ delightful and wholeſome ex- 


erciſe, 468. Its advantage to 
ph Tube, of glaſs, lin'd with a non- 


ſoldiers, ibid. 
. 


Tautology, one of the beauties of 


modern ſongs, 475, 477 
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Thermometer, not cooled by blow- 
ing on it when dry, 368. go 
— electrical, deſcribed, 389. 
Experiments made with it, 
390, & eg. 
Tic, how it may be quenched 
with ſalt water, 459, 40. 


Thunder. guſts, what, 39. 


a new hypotheſis for ex- 
plaining them, 1b. & ſeg. 


- Tides, in rivers, their motion 


explain'd, 4.50, & /eq. A tide 
1s a wave, high and low wa- 
ter different parts of that wave, 
ibid. Not much more water in 
a river at high water than at 
low water 454, 455, two, 
three, or more high waters, 


ing in the ſame river at the 
ſame time, 452, 457. 
Tourmalin, ſome experiments on 
it, 375, & ſeq. | 
Towns, in England, reaſon of 
their growth, 334. | 


Trees, dangerous to take ſhelter 


under thein, 50. 
in the ſun, 367. 
the ſhivering of them by 
lightning, explained, 41g. 
Triangles equilateral, form'd by 


particles of air, 42. 


Why cool 


electric, experiment with it, 


may be made by rubbing 


to act like the Leiden bottle, 


80. 


Tube, 


and as many low waters exiſt⸗- 
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| T ube, exhauſted of air, the 0 


tric fire moves freely in it, 80. 


Tubes of Glaſs, manner of rub- 


bing them, 11. 

Tunes, ancient Scotch, why they 
ſo generally give pleaſure, 
468, 472. Compoſed to the 


wire harp, 470, in parts, 


3 8 opinion of them, 


T Ne fg killed by electricity, 
153. 


U 


 Unintelligibleneſs, one of the 
faults of modern ſinging, 475. 


Vacuum, Torricellian, experi- 
ment with it, 149. 

experiment in Vacuo, to 
ſhew that the electric ſpark 
| paſſes ſtrait, when not re- 
ſiſted by air, 169. 

Vapour, aſcends from an elec- 


tris'd body, and leaves the 
electricity, 380. Another ex- 


periment on it, 398. 
Japours, the cauſe of their riſing 
_ conſidered, 248 251. 
Varniſh, ary, burnt by electric 
perks; : 34 -. - 


Volcano's, conjecture why many 
of them have ceaſed. 380. 


7 


Wars, civil, 


dered, 337. 


whether they 
ſtrengthen a country, conſi- 


Water, a good conductor, 36. 

ſtrongly electrified, riſes 

in vapours more copiouſſy, 40. 
its particles riſing, attach 

themſelves to 3 of air, 
41, and mutually attract each 
Other, 4a, 

— mill diſſolve in air, 18 3. 


it, 1 84. 


ed in air, 186. 
does not riſe in vapour by 


being reduced to hollow 


ſpheres, 251. 

—— originally all ſalt, 379. 
Freſh the produce of diſtilla- 
tion only, ibid. 


by electricity, 415. Its de- 
gree of rarefaction, 491. 
Watſon, Dr. a letter of his, 108. 


| Waterſpouts, how formed, 192, 


223, 277. 
whether they deſcend or 


aſcend, 208, 210, & ſeg. 


& [eq 


towards them, 219. 


effect of one on the coaſt 
of Guinea, 232, 269. 


234, & ſeq. 


and reaſonings upon them, 
238, & /egq. 256, 257, 268. 


ax, . 


- boiling, effect of fre upon 


how its parts are ſupport- 


exploded like gunpowder, | 


farther confider'd, 21 6, | 
winds blow Hom all points 


are whirlwinds at ſea, 222. . 


account of one in Antigua, 


farther accounts of them, 


f 
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Wax, may be electriſed poſitive- 
ly and negatively, 130, when 
fluid will conduct, 263. 

Weſt, M 
by lightning, and houſe 1 
ſerved, 394. 

4. a elefric, deſcribed, 31. 

= ſelf- moving, deſcribed; 32, 


| ni and, how formed, 191, 
192. 2 


climates, 466. 
Wilſon, Mr. draws electricity 
from the clouds, 110. 
8 Trade, explained, 188, 
253. The explanation 
Lacs to, - 250. 
weſterly in the northern 
and ſouthern ny | why, 
190. 


r. his Sonder ſtruck 


account of one, 3536, & ſeq. 
White, why the fitteſt colour for 
ſoldiers clothes in hot funny 


Wi nds, foi ſea and land, el 
of their different heat and cold 


at different ſeaſons. 1 91. 
whether they can be con- 
not toclouds, 257, 261,279. 


obſervation of his, 434. 

Wire, ſmall, conducts a great 
ftroke of lightning, fafely, 
_ tho' deſtroy'd itſelf, 163. 


from the earth to the cu- 
ſhion, furniſhes more electric 
fire, 177. 
lengthen'd by cleAricity 
91. 
Wand, why it does not feel fo 
cold as metals, tho? of the fame 
temperature, 260. 
Moollen, why warmer than linen. 


260, . 


their effect on the pro- 
greſs of ſound conſidered, 436. 
Winthrop, Profeſſor, a curious 


melted by electricity, 176. 


